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two exenpl ary enbodi nents of the invention, described
are injectabl e nanoparticulate tacrolinus conpositions
and enteric coated oral dose nanoparticul ate
tacrolinmus conpositions, and methods nmaki ng and usi ng
t he same. BACKGROUND OF THE | NVENTI ON Backgr ound

Regar di ng Nanoparticul ate Active Agent Conpositions
Nanopar NANORBARTHOHIATE TACROLIMUSIGBRMUEATIONS S.
Pat. No. 5,145,684 ("the '684 patent"), are particles
consi sting of a pagr] ubl e ic or

di agnosti c agent | }‘:'.X%%L%@O@m%ﬁ associ at ed

with the surface thereof a non-crosslinked surface

st abi | The presditénvedBdn RAdifietedab KendRBET NS Sopidiess Of
maki ng .such nanoparticul ate conpositions but does not
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nanoparti cul’at e conp ons are ls(cc(:)rl S8iong gd enteric

exeatpl eral dove atopaRidulatdlesrolmEldnidfdEitians] ahd 3eeth@Iaking
both f.or .,"Met hod of Ginding Pharmaceuti cal
stpsingthesamg) s pat. No. 5,718,388, for "Continuous
Met hod of Grinding Pharmaceutical Substances;" and
U S. Pat. No. BATKRGREBUNY OFFIRRINVINTIHRPET i N9
Ther apeuti c ComposSitions contal nt ng Nanoparti cl es.
Nanoparti cul ate conpositions are al so described, for
exanpl Background RegardinxiNanspaeiudee Adive Ageat Conipositivns
Cloud Point Modifiers to Prevent Particle Aggregation

Dur i Lon. " .4 S . 15,302,401 f

Pi no AL bt bty RSNl a5 o4

L§'dp684 gatnttiare partielesRdhsisten offa §ddtly BTubl@therafeiiayor
ntrast Conpositions Useful in Medical |Imging;" US.

g‘i‘@@%&? agen BaviE 2dghed A0 61 aagataH auihhe Faace thereof a
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Pataking such nanoparticulate compositions but does not describe compositions

comprising tacrolimus in nanoparticulate form. Methods of making
nanoparticulate compositions are described, for example, in U.S. Pat. Nos.
5,518,187 and 5,862,999, both for "Method of Grinding Pharmaceutical
Substances;" U.S. Pat. No. 5,718,388, for "Continuous Method of Grinding
Pharmaceutical Substances;" and U.S. Pat. No. 5,510,118 for "Process of

Preparing Therapeutic Compositions Containing Nanoparticles."

Nanoparticulate compositions are also described, for example, in U.S. Pat.
No. 5,298,262 for "Use of Ionic Cloud Point Modifiers to Prevent Particle
Aggregaﬁon During Sterilization;" U.S. Pat. No. 5,302,401 for "Method to |
Reduce Particle Size Growth During Lyophilization;" U.S. Pat. No. 5,318,767 for
"X-Ray Contrast Compositions Useful in Medical Imaging;" U.S. Pat. No.
5,326,5 52 for "Novel Formulation For Nanoparticulate X-Ray Blood Pool
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No. 5,328,404 for "Method of X-Ray | magi ng Using
| odi nated Aromatic Propanedi oates;" U. S. Pat. No.
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Nanoparticle Aggregation;” U S. Pat. No. 5,340,564 for
"Formul ations Conprising Ain 10-Gto Prevent Particle
Aggregation and Increase Stability;" U S. Pat. No.
5,346,702 for "Use of Non-lonic Coud Point Mdifiers
to Mnimze Nanoparti cul ate Aggregation During
Sterlllzatlon U S. Pat. No. 5,349,957 for
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Cha9o, a@a amms xw4 bs?tbaﬂmg egrfe8 N dif6E RRtiSRlcer IGhparticles;"
3 for "Method of Preparing

Hgﬁo Bétr IN % ﬁéot&ﬂ%é@ @Wslnﬁdﬁbla iNgmdlagheticddanganese Particles
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P b o RO et S vt Agens
Combination with Pharmaceutically Acceptable Clays;" U.S. Pat. No. 5,470,583
for "Method of Preparing Nanoparticle Compositions Containing Charged
Phospholipids to Reduce Aggregation;" U.S. Pat. No. 5,472,683 for
"Nanoparticulate Diagnostic Mixed Carbamic Anhydrides as X-Ray Contrast
Agents for Blood Pool and Lymphatic System Imaging;" U.S. Pat. No. 5,500,204
for "Nanoparticulate Diagnostic Dimers as X-Ray Contrast Agents for Blood
Pool and Lymphatic System Imaging;" U.S. Pat. No. 5,518,738 for
"Nanoparticulate NSAID Formulations;" U.S. Pat. No. 5,521,218 for
"Nanoparticulate lododipamide Derivatives for Use as X-Ray Contrast Agents;"
U.S. Pat. No. 5,525,328 for "Nanoparticulate Diagnostic Diatrizoxy Ester X-Ray
Contrast Agents for Blood Pool and Lymphatic System Imaging;" U.S. Pat. No.

5,543,133 for "Process of Preparing X-Ray Contrast Compositions Containing
2



U S. Pat. No. 5,525,328 for "Nanoparticul ate
Di agnostic Diatrizoxy Ester X-Ray Contrast Agents for
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No. 5,543,133 for "Process of Preparing X-Ray Contrast
Conmposi tions Cont ai ni ngNanoparticles;"” U S. Pat. No.
5,552,160 for "Surface Mdified NSAI D Nanoparticles;"
U.S. Pat. No. 5,560,931 for "Formul ati ons of Conpounds
as Nanoparticul ate Dispersions in Digestible Gls or
Fatty Acids;" U S. Pat. No. 5,565,188 for
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Stablhzer " U.S. Pat. No. 5,593,657 for "Novel Barium Salt Formulations
Stabilized by Non-ionic and Anionic Stabilizers;" U.S. Pat. No. 5,622,938 for
"Sugar Based Surfactant for Nanocrystals;" U.S. Pat. No. 5,628,981 for
"Improved Formulations of Oral Gastrointestinal Diagnostic X-Ray Contrast
Agents and Oral Gastrointestinal Therapeutic Agents;" U.S. Pat. No. 5,643,552
for "Nahoparticulate Diagnostic Mixed Carbonic Anhydrides as X-Ray Contrast
Agents for Blood Pool and Lymphatic System Imaging;" U.S. Pat. No. 5,718,388
for "Continuous Method of Grinding Pharmaceutical Substances;" U.S. Pat. No.
5,718,919 for "Nanoparticles Containing the R(-)Enantiomer of Ibuprofen;" U.S.
Pat. No. 5,747,001 for "Aerosols Containing Beclomethasone Nanoparticle

Dispersions;" U.S. Pat. No. 5,834,025 for "Reduction of Intravenously
3



for "Nanoparticul ate Di agnostic M xed Carbonic
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wahyepledos: System | maging;" U S. Pat. No. 5, 71BCB882008045540

10

15

20

25

30

"Conti nuous Method of Ginding Pharmaceuti cal
Substances;" U. S. Pat. No. 5,718,919 for
"Nanoparticles Containing the R(-)Enantioner of

| buprofen;™ U S. Pat. No. 5,747,001 for "Aerosols
Cont ai ni ng Becl onet hasone Nanoparticl e Di spersions;"
U S. Pat. No. 5,834,025 for "Reduction of
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TNRC b, 431 478 for "Small Scale Mill;" U.S. Pat. No. 6,432,381 for "Methods for
Targeting Drug Delivery to the Upper and/or Lower Gastrointestinal Tract;" U.S.
Pat. No. 6,582,285 for "Apparatus for Sanitary Wet Milling;" and U.S. Pat. No.
6,592,903 for "Nanoparticulate Dispersions Comprising a Synergistic
Combination of a Polymeric Surface Stabilizer and Dioctyl Sodium
Sulfosuccinate;" 6,656,504 for “Nanoparticulate Compositions Comprising
Amorphous Cyclosporine;” 6,742,734 for “System and Method for Milling
Materials;” 6,745,962 for “Small Scale Mill and Method Thereof;” 6,811,767 for
“Liquid droplet aerosols of nanoparticulate drugs;” and 6,908,626 for
“Compositions having a combination of immediate release and controlled release

characteristics;” all of which are specifically incorporated by reference. In
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Combi nation of a Polyneric Surface Stabilizer and
D octyl Sodi um Sul fosucci nate;" 6,656,504 for
"“Nanoparticul ate Conpositions Conprising Anorphous
Cycl osporine;" 6,742,734 for "Systen1and Met hod for
M lling Materials;" 6,745,962 for Swall Scale M1
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areéereqeci fi cal |y i ncorporated herein by reference.
Background Regarding Tacrolinus Tacrolinus, or FK-506,

is a cr.ol i de sant which is reputed to
be 10@??@3“%?@ df(} G'Qﬁ't“h“asn cycl osporine. It is
produced by fernmentation of Streptonyces tsukubaensis,
a monoTyRokmef@E FES50¥, is3 meHLANY F8Sunosuppressant which is

reputed to be 100 times more effective than cyclosporine. It is produced by

fermentation of Streptomyces tsukubaensis, a monotypic species of Streptomyces.
U.S. Pat. No. 4,894,366 and EPO Publication No. 0184162 describe tacrolimus

and are herein incorporated by reference in their entirety.

Tacrolimus is sold under the trade name PROGRAF® (available from
Fujisawa USA, Inc.) and suppresses some humoral immunity and, to a greater
extent, cell-mediated reactions such as allograft rejection, delayed-type
hypersensitivity, collagen-induced arthritis, experimental allergic
encephalomyelitis, and graft versus host disease. Accordingly, tacrolimus

prolongs survival of a host and transplanted graft in animal transplant models of



U S. Pat. No. 4,894,366 and EPO Publ i cation No.
0184162 descri be tacrolinus and are herein

wo pwenposat ed by reference in their entirety. PCT/US2005/045540
Tacrolimus is sold under the trade name PROGRAF(r)
(avail able from Fujisawa USA, Inc.) and suppresses
sone hunoral inmmunity and, to a greater extent,
cell -nedi ated reactions such as allograft rejection,
del ayed-type hypersensitivity, collagen-induced
arthritis, experinental allergic encephal onyelitis,
ARk, Kidddy, Ners Uend@strot] seabBowdaad pandredsylungand tlatinas
prolongs survival of a host and transplanted graft in
akimepmep.anddivght nodel s of liver, kidney, heart, bone
marrow, small bowel and pancreas, |ung and trachea,
ski n, . (g oF | & i i
cxcpor | VSR SRy e Hm M Zy IRFR, el ot mcrolimus binds
tt0 aafintravelalaspiotdin /FIPBBL12i @, cdaxBex oPtaciklivowdikZP-d2,

tacrol i nys- FKBP- 12, cal ci.um  cal modul i n,. and .
AYRe linﬁdli}ﬁ%n, laﬁé ﬁalplélpwéral,s tla%}omgc&{ﬁﬂg glbeh]ghogg]éatase activity

agit daMidiriAfiniEiBleed. e Effedt Rty Qirb Rt ddpHoSpifriiatén Ry
prevent dephosphorylation and translocation of nuclear

f tarlacatiin aimiclear GutoF-of aéthetediEcally (NExAddt rglear component

C nt .thought, to i.nitiat [ L1ody J:

CRECHE iR Lot rypneien o hediRR R YRR RN (8 o

OB ukIALE 'ch 8t thter{Bhh) NEhe hersadult ik $hd iRibitidi & T4 on of
Tl ynphocyte activation (i.e., imunosuppression).
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and a formula wei ght of 822.05. Tacrolinus appears as

whi t I t.al | -
pr Iacf3 i ié‘%égt‘/‘%}‘%]g%r%ﬁ‘{ Slrlﬁalvﬁgl{?rgurl? 8{?5@9@'@6]@8 and.a formula
?rgvgggféf 82BN, V?‘écholﬁﬂlllslueltﬁp@aris Bs Whith afyelalsttreddIBhOp@K@8r and

I'mus has the fol'owing chem cal structure: (See,
Tiseradsicelky insdlakle imwesitdrt fiectyibelible in othanol( and vaey golable in

L M e

is inconplete and variable. The absol ute
bi oavai | abl ity of tacrolinmus is 1710%in adult ki dney

transplaﬁé k ents (N=26), 226%in adult |iver
transpl an nts (N=17), and 185% i n heal thy
vol unt eeCs™ |

H
5 , nCo | H OCH,

(See, The Merck Index, Twelfth Edition, 9200 (Merck & Co., Inc.,
Rahway, NJ, 1996).
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A single dose study conducted in 32 healthy vol unteers
establ i shed the bi oequi val ence of the 1ng and 5 ng

vol unt eers established the bioequival ence of the 0.5
ng and 1ng capsul es. Tacrolinus maxi num bl ood
concentrations (Cmax) and area under the curve (AUC)
appeared to increase in a dose-proportional fashion in
18 fasted healthy volunteers receiving a single ora
dose of 3 ng, 7 ng, and 10 ng. In 18 kidney transpl ant
pat'eUﬂ%oqﬁﬁ@Rﬂ%&ﬂMﬁnﬁiﬁd@hh€QHGGHMﬁahddn$t&ﬂ@ﬂnﬁ~tO
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concen ratl onr correl ation

dbef friagsiplmt thSIXI\M 7)\ibtiH 81-6%p8 bealthy Yobodews (NTl®),
the rate and extent of tacrollnus absorption were

greatest, u ast ed n The
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0510&?(@ a‘i’éﬂcg‘é? tRDSAE RLE 8 uRg M iytiedreimpte desebudy in 32
y volunteers. The effect was nost gronounced
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d 37% :
bl ST A S b S
kGibe (A5 SschRNe itk &ke dexd@eqedpmmlmlmd 18efastedC
max by 28% and 65% respectively. In h

aIt
visialthy eelusteersrayving Reinglnerabfose RE3 R BERA0EE o

tacrolinmus bioavailability. Wen given i medi ately

fol | ow ﬁlﬁﬁeﬁdﬂsglgﬂgg{ﬁe i ci¥Bthuss %ﬂ 1§ Gorfcberattdid from 3

mean AU ative to he fasted |
crBdi ig/mh. maAsered ad mnagmmsqmsud@e I{Cw) Sofrelateghivellywith éhe

I d A
- Shisweamagnem Fetie oty the? ey B e RAR Rk ¥4
! édh%ént}a[u%ﬂ%&hg%@f 103b i60Hofm L HBE E6rrd1 At i clbrRtvRlseD4L 5
m nutes after a high fat (400 kcal, 34%fat)

breakfast, resulted in decreased AUC (27 189 an
(5019%N1t1a@smtﬁ@afpe@ effects theyptetndsaxigns of faceplivgn é?f@Pﬂn

blndi gqgat(e)sft vh3G UL IS ditforRPPES ﬁﬁ"e%‘ég h¥d OSpSKREbd S food
decreased both the rate and extent of tacrolimus absorption when administered to
15 healthy volunteers. The effect was most pronounced with a high-fat meal
(848 kcal, 46% fat): mean AUC and C max were decreased 37% and 77%,
respectively; Tmax was lengthened 5-fold. A high-carbohydrate meal (668 keal,
85% carbohydrate) decreased mean AUC and mean C max by 28% and 65%,

respectively.

In healthy volunteers (N=16), the time of the meal also affected
tacrolimus bioavailability. When given immediately following the meal, mean
C,.. was reduced 71%, and mean AUC was reduced 39%, relative to the fasted
condition. When administered 1.5 hours following the meal, mean C,,., was

reduced 63%, and mean AUC was reduced 39%, relative to the fasted condition.
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i ndependent of concentration over a range of 5-50
ng/ m.. Tacrolinus is bound mainly to al bum n and
and has a hi gh | er€tr/Usf005/045540
association with erythrocytes. The distribution of
tacrolimus between whol e bl ood and pl asma depends on
several factors, such as hematocrit, tenperature at

the tine of plasma separation, drug concentration, and
pl asma protein concentration. In a U 'S, study, the
rati o of whole bl ood concentration to plasm

concentn bt livar teneplag gati®Bs,(tacnfmud 2dmipistEyd 15 minutes after a
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Op23a3nd 1"_5lah X Sliﬁgf)é}fﬂx oﬁ%eﬁéﬁ%&bﬂu%ﬁ ak lHeﬂthfoHﬁ{, %ngd%%ﬁtet at

patients’s recel ve doses at the |ower enAd o
dimitinge pEplgena Cpactiont dmg canberinations end plosmé praséid

th ' d L t I .ion.
SRRtk b P ShEG o P03 o e IR RBABE s
| BhrRehir@brshRrgld BS (@ARd 1Duesh)only until the patient
can tolerate oral adm nistration of PROGRAF (r)

capsul es. PROGRAF(r) injection nust be diluted with
0. 9% Sheipaianthineblede takejosaltiRPCBAFS wapwasasy Bigeapy may be

| ni.ect i QF ' . /
o HERE N SRR PR B QD P B
s igedtidnbie sbdudd Belnbted thad asaphiylaptit ywatliodsdiaee oosuraidats

and shoul d be discarded after 24 hours. The ®

diacerlesipissiables sontatingragiop oil derivativee Shegpioue.ifRQORGE

contal i @&ﬁ &fls SRk fypkXeARi begy i al

f ggécgi)?tﬂﬁgg@#%hﬁdg ¢ p tﬁlﬁgﬁat Sngl I'n }Jgig%éﬁatll ons v{ﬂgr e nore

dipalyexys 60 hydogenatedecastor bily ebhe imitgl dogpadiPROGRAFSshogld be

et 2 PVC-free tubi n6ghshou%td .
administered no sooner than 6 hours after transplantation. The recommended
starting dose of PROGRAF® injection is 0.03-0.05 mg/kg/day as a continuous IV
infusion. Adult patients should receive doses at the lower end of the dosing range.
Concomitant adrenal corticosteroid therapy is recommended early post-
transplantation. Continuous intravenous (IV) infusion of PROGRAF® injection
should be continued only until the patient can tolerate oral administration of

PROGRAF® capsules.

PROGRAF® injection must be diluted with 0.9% Sodium Chloride
Injection-or 5% Dextrose Injection to a concentration between 0.004 mg/mL and
0.02 mg/mL prior to use. Diluted infusion solution should be stored in glass or

polyethylene containers and should be discarded after 24 hours. The diluted
8
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i kewi se be used to mnimze the potential for
significant drug adsorption onto the tubing.
drug products should be i nspected RPCEFUSI0Y045540
for particulate matter and discoloration prior to

adm ni stration, whenever sol ution and contai ner
permt.. Due to the chem cal instability of PROGRAF(r)
in al kaline media, PROGRAF(r) injection should not be
m xed ar co-infused with solutions of pH 9 or greater
(e.g., ganciclovir or acyclovir). IflV therapy is
nefsRaablutioashydd sioobe ftoedin NPN«E comgdingralie o deersased

S T St RGN o oo DA G MRt P Cheth B
?ﬂu‘?é Aot ra?@ﬁ(tﬂ%@%& g P§d19t.'r1\6 %Bsﬁg, c. B‘QJ‘V@-f&Ettﬁfmg should

scont | nul ng t he usi on he recommended
dilemtiseris wedlto thimsimizef tha’aohenualrfmsslgmﬁgmt dsug adsorption @ntes
/ kg/. day

AR SR AR S RS

bﬁ%r 288 Qs8R rdtonl pior ERASEnThAGHAA, Rlfenbied @dlutlb@ wadicontainer
concentrations in |iver trans% ant Kl%l ents. Dosing

stresmiitd Dus toithe ehieadcdl arséabilas of PRE) assalka M@dlaf

d..tol I s
(ERSERA AP RAIP M b TR e Tt
S&H g#bitbi (k). GaatiRlvaIdratydsvihi ch, in turn, provide
enhanced bioavailability upon adm n| stration to a

patient, as well as reduced fed/ d ab tilon
var i ablfiIVttherann i nscessamy CQYFESIAD ‘P\m t'P &4 g@p rplius.is

nl%‘é&ﬁm%}id{%{ QdodhRg fa\iftﬂagg,? ARbe FALRRA tTh a@au&ﬁrfwemh@%

a nanopar at e ornu ion of tacrolinus.
fnr mfhson, (mfsﬁrsn dbsecte oral Jtharamtﬂheu}ddmgmmt $d@|hatues after

r mul atjon crolj.mus that nate
(Scpsnyisie B mapet iy SR Catdfedy bfmus
sgl @ﬁ’l’eé {s4£10- Oqe%gﬁé/%ﬁj' §AERXE] RERRPER1de dhidy @oses every 12
formul ati ons of tacroli1nmus. Nanoparticul ate tacrolinus

cbcn:psxsﬂct -administered gepefraib juichlasdesrreportad fp imerepisiderofimus

A v e I E
f%s%@%%ﬁni&ﬂf@s@és%ﬁléﬁﬁs lo@fbjewmmfthﬁam&/ | NVENTI ON The
present invention is directed to tacrolinus

formul ati ons conpri si
There is currently a neeg for tacrolimus formulations that have enhanced

solubility characteristics which, in turn, provide enhanced bioavailability upon
administration to a patient, as well as reduced fed/fasted absorption variability.
The present invention satisfies these needs by providing methods and
compositions comprising a nanoparticulate formulation of tacrolimus. Such
formulations include injectable nanoparticulate formulations of tacrolimus that
eliminate the need to use polyoxyl 60 hydrogenated castor oil (HCO-60) as a
solubilizer, and enteric coated nanoparticulate formulations of tacrolimus.
Nanoparticulate tacrolimus compositions are desirable because with a decrease in

particle size, and a consequent increase in surface area, a composition is rapidly

dissolved and absorbed following administration.

9



nanoparticul ate tacrolinus having an effective average
particle size of |ess than about 2000 nm and at | east
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i nvention, an injectable nanoparticulate tacrolinus
formul ation i s provided, conprising tacrolinus
particles having an effective average particle size of
| ess than about 600 nm and at | east one surface
stabilizer. In other enbodinents, the injectable
formul ati on can conprise tacrolinus having an

ef fecti ve aver agsUNMBVIARY OBTHE INVEAFIOMan about 550
nm | ess than about 500 nm |ess than about 450 nm

| ess than about. 400 nm .l e t han ;about 350 ..n | ess.
Lhon BDRPRIEY myRROPBALdER e TR ormR B cqrRaTying
ahgntpartRl A MaclobiffusiHadmgal Qefecthriveige baiR1d H2NoABGUhan
100 nm | ess than about 75 nm or |ess than about 50

nabout 300pameanid ad laastne surfacestigtiliges. st abilizer is a

povi done pol ymer. The injectable nanoparticul ate

tacroli j ' ' Mg t he
noed Tk ibidhe A8 fvehdlf, MHIGUIE Bl RIS

( kicEalins fasmalation isprbvided, .cr)fﬁlpirisi_n'g $acb®ingi|'ls pdrtitles lh:e_Bviilg’lan
convent i on non-napopartjcul ate injectable tacrolinus

f GHREVEEVEREe BYBe serRf 18 trenapoust) O g ahispd gne surface
C I . - .
SSpbfHp I MR SRR B injeLIBICLARARASH Sn e

s ¢taceolemad hawing an effemtive everagenmirtitdasibae of lessididn abaut, 550 hen,

i nj ect abl e nanopar,ti cul ate ol i wus_. foryul gtjons, of
WS BB anenorORaesabingoonh Fil i, RSrinC e 20D AES iy then
t 365 @135 0, ¢80 GRMtabBhE TN NedsAWarl AHARE L5®AMY Rk$HHBA about
with rapid drug dissolution upon adm nistration. The
p2688 amt, laspthantabowt 1809un,dess dhanaboupH¥) macless tham kbout 75 nm,

QTR b b TR B R SRk R sk AR pgpdcone

hagiyagra particle size of |ess than about 2000 nm and
at least one surface stabilizer. The enteric coated

dosage forns of the presentinvention may. be provjded,
i n for e dUpeARle RARCIAIESHATR facrolimug founylatigns ofthggention

P00 AL s PR i LS
solubilizer. This is beneficial, as in convention non-nanoparticulate injectable

tacrolimus formulations comprising polyoxyl 60 hydrogenated castor oil as a
solubilizer, the presence of this solubilizer can lead to anaphylactic shock (i.e.,
severe allergic reaction) and death. In addition, the injectable nanoparticulate
tacrolimus formulations of the invention provide for formulations comprising
high tacrolimus concentrations in low injection volumes, with rapid drug

dissolution upon administration.

The present invention also describes pharmaceutical compositions
comprising enteric-coated tacrolimus. Such formulations comprise
nanoparticulate tacrolimus, having a particle size of less than about 2000 nm, and

at least one surface stabilizer. The enteric coated dosage forms of the present

10
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(IR formulation, a controlled-rel ease (CR

formul ation that all ows once per day adm nistration
such as once weekP@T/U82005/045540
once nonthly), and a conbination of both IR and CR
formul ati ons. Because CR forns of the present

i nvention can require only one dose per day, such
dosage forns provide the benefits of enhanced pati ent
conveni ence and conpliance. The nechani sm of

controll ed-rel ease enployed in the CR form my be
aacattiphinsdyet provided ar foemylatibnwwalishierbibitdi vagictyefirelease
S o b Ga PG St immecie
O3MEakd GR) FrmeRohOd ésfrolied Fub AL eny forhdul ARUthAraIBSR OGke
of the invention there is provided a nethod of

pree day adginisiatina fopdietiatatiae petiedss sichmg oneowaelsor oRee

of t i nventiqgn. The o . ses:.. (1) i -5
by A o hiaclios PRI AR EPR abifarignt) HLABECH Rifms
r@f&ﬁ@?fc@@it'iﬁ{vehﬁ&hl A€ o oint dbse i dey,Guch tesage forms
tacrolimus to the desired effective average particle

sprewide shebenefitsnf enhaned paiiant 6gwyepiensond Gnaliaast-eThe
S ! |
BB B OBl PR b BRe ARl bn AR A By e acgomplshe

Lﬁ&s‘&arﬁ@eoﬁm)gs aﬁduﬁih%kﬂdt hlb?ﬁmﬁah’la(b éheagdefletodablbe

I spersion media either before, during, qr after
piormplatigns diffsieryerntiodad gqm%waﬁai o] @¥impfcalfygcontrolled
eﬁg&ﬁiaﬁg% for - the injectable conposition, the surface
stabilizer is a povidone polyner with a nol ecul ar

wei ght of |ess than about 40,000 daltons. Preferably,

t he | i fuamhtleir sgrectofthe iroeition therers pravidededmethod of preparing

hysi ol ogi.c.pH, f le,. within.the.

b aenarrBt e PRy AE GtbEveRist O Brabics
T&ﬁn,t%s%zsﬁ () digpeRifd @brolifhud s @ lighidekdpRekidomegiuhgdsd ()
treating a mamal,” including a human, using the .
neneolpmically weducmgrthe patticleusizeraditha feanoalisns tofherdegired effective
[ tion.for. th ' I el ' :
ST 015 ik, oD Rl 600 il P PuSUREL R or

kied§1@¥n bbarphanisfor Boicinjerille dsemeriptoseal tdepaitemsofit
adm nistering to a sub{')ect a therapeutically eL%rﬁg:t ive

alesiane sarfageciRbplizer penbapdded e fhs divRssipmatiesitherbedere,
t H&nﬁé} YF B PArticiy 6D A1 SFhcrblifiub efh & embodiment for the

injectable composition, the surface stabilizer is a povidone polymer with a
molecular weight of less than about 40,000 daltons. Preferably, the liquid
dispersion medium is maintained at a physiologic pH, for example, within the

range of from about 3 to about 8, during the size reduction process.

The present invention is also directed to methods of treating a mammal,
including a human, using the nanoparticulate tacrolimus formulations of the
invention for the prophylaxis of organ rejection, and specifically in patients
receiving allogenic liver or kidney transplants. Such methods comprise the step

of administering to a subject a therapeutically effective amount of a

11



an injectable or enteric-coated nanoparticul ate
tacrolinmus formulati on. The nanoparticul ate tacrolinus
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i ncl ude one or nore pharnmaceutically acceptable
exci pi ents, such as non-toxi c physiologically
acceptable liquid carriers, pH adjusting agents, or
preservatives. Both the foregoi ng general description
and the follow ng detailed description are exenplary

and expl apatory and are intended to provide further
eRFORAACPBEF Tgetolipsforpunaticnrpidhe iventasd suchrasdut not limited to

e IR PR s s M oPBpry ¢ e

foll ow ng detail ed description of the invention. BRI EF
DESCR! Pir¢ antoperticuatIRAMIINGS féngilationt of tegttsert Gk ogioaahay

' h ti t 100X of unmilled I :
Fogtiatty el o niogg PEamagaticg Y pescBoblsteeipiants, sotes
ﬁ i i . 1QR0 c i e
eSS A prenann i 3

pBessrVaiiMepyrr ol i done (PVP) K29/ 32 and 0. 05% (w w)
di octyl sul fosuccinate (DOSS). Figure 3: Light

mcro ' . e tics..at 100X an ouys
i sper 2o b R:BgRY Btk G BuPh et Bl SReafATaY

( Gaotiptior] dr€exavhplary2Aid(enplahatos) and dry im¥tdeahb Fﬂﬁr?de(ﬂa}-fﬁér
K29/ 32 .and_0. Q5% (w w) djoctyl sulfosuccinate (DOSS)

f SIPBREAY ob e Ipeakion ps elairedy Othergdieqts fadyapsagss and novel
H 11 thl 1 [ e i t, 100X
oA A S b AR SR B R Rotghied
t datailedi deseripticanif dee ink&tionwi t h 2% (W w) PVP K12 and
0.15% (w w) sodi um deoxychol ate. Figure 5. Light

m crogr aph [ i at, 100X of an _aqueous

di spersion 200094 THE BRAWINGS)| i nmus
(Cam da LLC), with 3% (ww Plasdone(r) S630 (random
copol yFgiireof. Vi NEighPMidrOrafiPBen@PRask oPits at 100X of unmilled

tacrolimus.

Figure 2. Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with
2% (w/w) polyvinylpyrrolidone (PVP) K29/32 and 0.05% (w/w) dioctyl
sulfosuccinate (DOSS).

Figure 3: Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with
2% (w/w) polyvinylpyrrolidone (PVP) K29/32 and 0.05% (w/w) dioctyl

sulfosuccinate (DOSS) following one week of storage under refrigeration.

Figure 4. Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC), with

2% (w/w) PVP K12 and 0.15% (w/w) sodium deoxycholate.

12



acetate in a 60:40 ratio). Figure 6. Light mcrograph
usi ng phase optics at |1 0OOX of an aqueous di spersion of

WQOMs(09d06d nanoparticul ate tacrolinmus (Cam da RCIZPS2005/045540
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with 3% (ww Plasdone(r) S630 (random copol ynmer of
vinyl pyrrolidone and vinyl acetate in a 60:40 rati o)
foll ow ng one week of storage under refrigeration.
Figure 7. Light mcrograph using phase optics at | QOX
of an aqueous dispersion of 10% (w w) nanoparticul ate
tacrolinmus (Camda LLC), with 2% (w w)

hydr oxpign@@y| cel Lighomerogiafh Gling pite 0ptidd £tV0GX dDGBS.

Figure 8. Light mcrograph usin hase.optics at X .
oFquaphssHsrResien of <ia W%PW%‘%W%X&“%E%‘?W@% Pm with
LRE T ] ] i 1 fifoldon8 BAH vinyl
O%é%\%mg&g@ﬁ [Q}(iéagi}igm‘égobﬂyérﬁf Eﬁr?'\nl'élwcf:}%,ogr apﬁeﬁsi ngVlny
pdratate gt 640 =tioLOOX of an aqueous di spersion of 5%
(ww) nanoparticulate tacrolinus (Camida LLC), with 1%

(ww) HPC-SL and_0.15% (w DOSS, f ol | owi Y

days 1g§¥°o¢ age {j}g&%}qu FAP BYEE 5%??? Oﬁﬁﬁﬁgglo? .Oflfi%g ht
MO8 ARfrish BE2PATSAw PRinoBStidllatAifoRiua (CafdedlL), with
di spersion of 5% (ww) nanoparticul ate tacrolinus

(Bartivda) Plagjone® $63019andampoppiyaespf singl pyriokidone and vinyl
i ol a : : BN
ot s s BT e RS whck oot e Fhget RAERBRGlS, O

(ww) nanoparticulate tacrolinus (Camida LLC), with 1%
(W W) FigGreSt. andLikht thi¢rebraph ssidi phasdepiiys ol 08Keof an
following twelve days of storage under.. . .
r UePBEIEReTEAn of LOid(Y) nw@ml%matertawhﬁws (Snista fiLdewith
Opdl i P w W)

e S L PS50 (W w
hydr oxypropyl met hyl cel |l ul ose (HPMC) and 0. 05% (w w)
DOSS. Figywe & 13. Lighymicnotapb ysiagwhassiapgicp ala®Xopftanc s

PSSO RSTTAR 8T DBy DTS e fCfida LLC), with
1% (w/w) HPC-SL and 0.15% (w/w) DOSS.

Figure 9. Light micrograph using phase optics at 100X of an
aqueous dispersion of 5% (w/w) nanoparticulate tacrolimus (Camida LLC), with
1% (w/w) HPC-SL and 0.15% (w/w) DOSS following twelve days of storage

under refrigeration.

Figure 10. Light micrograph using phase optics at 100X of an
aqueous dispersion of 5% (w/w) nanoparticulate tacrolimus (Camida LLC), with

1% (w/w) HPC-SL and 0.1% (w/w) sodium deoxycholate.

Figure 11. Light micrograph using phase optics at 100X of an
aqueous dispersion of 5% (w/w) nanoparticulate tacrolimus (Camida LLC), with
1% (w/w) HPC-SL and 0.1% (w/w) sodium deoxycholate following twelve days

of storage under refrigeration.
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2% (w w) hydroxypropyl net hyl cellul ose (HPMC) and
0.05% (w w) DOSS foll ow ng one week of storage under

w0 edosiog@sat i on. Figure 14. Light mcrograph usPemuptvases5540
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optics at 100X of an aqueous di spersion of 10% (w w)
nanoparticulate tacrolinmus (Camda LLC) with 2%
Pluronic(r) F108. Figure 15. Light m crograph using
phase optics at 100X of an aqueous di spersion of 10%
(ww) nanoparticulate tacrolinus (Camda LLC) with 2%
Pluronic(r) F 108 foll owi ng one week of storage under

refri gBieard bh., FLight exia®graph gising phasecptiaphat 1Xnof phase

s PR P AR S e S L, i
TN/ ) h&ﬁrox&bg?yﬁnétﬁyl dell@ldte (AIENIOY RAPD.09%d qggou?%ss

optics at | OOX an aqueous dispersion of 1
nanoparf i cu{ ate tacrol.i rrusa@éCa_m da LLC). with 2%
Tween( F38U0F ol | bight grigieerape aging phase araige alHi9ay of an

r 84dcb8SERPd:SBn opﬁ‘él (W&%ﬁi@ﬂa@a%li gi(drjé?:{ﬁeggl%(@’ with

A. "I ntroduction ent "1 nvention IS
c 3mpeeiv iydsoxypropyiséethyl elinaso@RNIC) ahd ) O5Vofwnu) DOHH

0 acrolinus and nmet hods of..makj.ng and using thesane.
P irtodahp VR e i FEEPBRIGs havi ng an
effective average particle size of |ess than about

2000 npigapddipt | eask nAB@ofiph ugieg phhipticd 81 100KNSf an
exanpl es. of nanoparticul ate tacrolinus dosage fornms
afquegns flispessipalof 0hdowanatiopaitigilate taerobmumisanslddeC) with

f o GH?' eric coated nanoparticul ate tacrolinus
dgé’?gle oC@nF?a ‘'t hough any pharnmaceutically acceptabl e

dosage formcan be utilized. Exanples of enteric
coat edFipesap®e f oLight nficdodehph ubing phtise dptics hi 1000&6 4o,
solid dispersions or iquid fil]led capsul es

lig ] of :
t 34egps fisgersiop et a%%égfzw} ineRasiculatragyo B (Crmidertlonwith
ey, MG FIGS B wing one week of storage under refrigeration.

Figure 16. Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with
2% Tween® 80.

Figure 17. Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with

2% Tween® 80 following one week of storage under refrigeration.

DETAILED DESCRIPTION OF THE INVENTION

A. Introduction

The present invention is directed to compositions comprising a

nanoparticulate formulation of tacrolimus and methods of making and using the

14



formul ati ons which exhibit a variety of rel ease
profiles upon admnistration to a patient including,

wo cnoces@pl e, an IR formul ation, a CR formnul at POTUS1085/045540
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all ows once per day adm nistration, and a conbi nation

of both IR and CR fornul ati ons. Because CR forns of

the present invention can require only one dose per

day (or one dose per suitable tine period, such as

weekly or nonthly), such dosage forns provide the

benefits of enhanced patient conveni ence and

canpl iThecempdiitiens conpaist tawodlanushavergn dfeativé average

i mMpsuppr essant , ent nan- | ian Wi t.h..a
et st ahel 20 iacBr % LAt ane aheq U iR

rejection. The mechani sm of controll ed-rel ease

enpl oypgo kRarhi8s %afn@ﬁmleﬁﬁteh@créﬁlﬁﬁﬂmﬂagb Efinisréan
variety of ways including, but not linmted to, the use

dhjeetabltatinepdrtieutaic ddrolimus doshesfirmrndrniestarisgoated

A N e e

NRVORAIE d6sHga fernt iy Y wti¥8d aRtaraples eﬂaiteﬁnfmasadrdcmg forms
stabi lizer. For the injectable conposit,aons,

riaelogertut ete net Emitgd o |sphdi dispersioas aht {lawiddilied cé]?sl“éeétqfv e
velroﬁg]t% partl cle size of |ess than about 600 nm For
€ri c coated conpositions, the nanoparticul ate
tacrollnus has an effective average particle size of
| ess tTandesageiforR® @@therpresédt/iamra'gmsn@f be provided in

t | t f the.
foeRRon Bhh Sxbfierr St P orRTony AP b RERREsE R o
n}%’ﬁlleﬁ@i'ﬁeﬁﬁfﬂg' ?d%leﬁﬁlﬁ{afér %PiWﬂir}n'uFa‘ﬁ@ndQSR%nﬁﬁl&ﬁ’@ﬁ that allows

ude, but’are not ilimted L i ncreased wat er
sorcetyiet dayadniipistiation,aad e@ombmuan |o§ pthilRyand (G fogmaatiops.

d]gﬁ\%g {-}E\r gggmftgg ggegt é’g@e&'}gﬁ ?%n Q:Hﬁg% §}é h%l?ll ldogé/ per(d%g' (or

b Ra¥AE pePiditab tikPperfoddsietdhs fetklyr nisisRy, Gdchsdcd;age forms
effects due to | ower dosing; (6) enhanced patl en

CHoy éhltbmb@leﬁfﬁﬁfc%hﬁﬁeé Peldent SPRN enTENCHRRIECRRRIERET. v@hls 18
éz}rg%%aﬁ hg’l%egl;c%a% f(‘}]r% nc%%ﬁgl.lgg&]gﬁtg %?ﬁatﬂ:!hgﬁ‘(;h ﬁﬂfﬂ%‘é% a

er “adva nj ecta
naskapéhdrinidtation panscl canieshloimatsad reg)ﬂsctloﬁ fThe nEchassih of

i nventl on over conventional forns nj e (%J
e e como R oy e g e plseq Ga varety of
<2 ﬁ%ﬁfi‘x Iuéigr%, B%‘H{OQ GENRHSY t£A8LVF PddablHoh BRioRS dBfusion-

controlled formulations, and osmotically-controlled formulations.

The compositions described herein comprise nanoparticulate tacrolimus
and at least one surface stabilizer. For the injectable compositions, the
nanoparticulate tacrolimus preferably has an effective average particle size of less
than about 600 nm. For the enteric coated compositions, the nanoparticulate

tacrolimus has an effective average particle size of less than about 2000 nm.

Advantages of the nanoparticulate tacrolimus formulations of the present

invention over conventional forms of tacrolimus (e.g., non-nanoparticulate or
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further advantage of the enteric coated
nanoparticulate tacrolinmus is a reduced risk of

wWaewais@a si de ef fects due to the enteric coatPOUSZNE045540
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present invention also includes nanoparticul ate
tacrolinus conpositions, together with one or nore
non-toxi c physiologically acceptable carriers,
adj uvants, or vehicles, collectively referred to as
carriers. The conpositions can be formul ated for
parenteral injection (e.g., intravenous,
isBlubairds @Héa@é fordis) $nodsde, Bueelfot, linitel toawlnmrsatsediWamm
in solid qui d, or aer osol _for |, nas
sobbalty: G incsbased bOATAIBORALH A Uwbet S5 et Qi

I [ al
SHRed PLVEEBIRL 0 Hovor (b ARG dpRRESLue £ erhORicd
piesaiabilityy éNtreduced siskl ef smwisel fide eﬁfwtwémer@ lewerdasing; (6)
definitions, as set forih b lOMI%Qg % r ougl u. t he
SPhrced PAEFHL comenicaearnd eqraRliange; Aag L Lares etC e size

sRent ik AE@ftBert hat
gjrol})}gga}tlg é‘%&%g%?ﬁe?‘%cg%? gg?%%?éﬁr ticl esﬁﬁgve a wei ght
adsmmtg@ of the iméctitde sandpariicalatatecrRbows fesmulpiean ofthe present
for exa nent tlon

e OB 5T SR SR IPTES oF byl Befolinh B ths slimiparign of
ShehtSr ke lely%kylmyrdtégéﬁa&d @moraﬂpl(}mmeso) heg bolibjliesr. A
known to thosé of skill 1n the art. used herein,

"fattbertadvapntage @‘éthg eaisrie corser wowt%hée ta¢erofipyss i Jpduced
skill t t ent th
SoTR e e A e g U BB X B0 %01 the

termwhich are not clear to persons of ordinary skill
i n t heTky preginy divehtien aisninekides nanopaticulate tasroligwd,
"about” wll mean up to plus or m.nus 10% of. the

peanRasifions. tpegther vAdh RGQ TRYIE &POR-LOXIE ﬂ?ﬁysé?l&%’&ﬁ’é% agegpigble
S&a?ﬁ%r@ d?lf\f Bl BUVeHRAEL, '(:81'16%‘(1989 %i’éﬁ*@d P4k cakiSerfOThe

oné or noré of the | ow ng par aneters:
(dompdsitiome kambe forandated fos pamntnmd lramitoelde 8b Inytravenous

fl occul ate o | onerat e i.nter
oBRRbElE. omDEdages e SiiGutidrasth B B HG, o ssrosel
| RyrRaladifd] EnaShiZ fecP Sculdr TBéal (owddig loidthRnihy Ar@ad, buccal,

intracisternal, intraperitoneal, or topical administration, and the like.

B. Definitions

The present invention is described herein using several definitions, as set

forth below and throughout the application.

The term “effective average particle size of less than about 2000 nm”, as
used herein means that at least 50% of the tacrolimus particles have a weight
average size of less than about 2000 nm, when measured by, for example,
sedimentation field flow fractionation, photon correlation spectroscopy, light
scattering, disk centrifugation, and other techniques known to those of skill in the

art.
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structure of the tacrolinus particles is not altered

over tinme, such as by conversion from an anorphous

(3) that the tareDUSBIMT045540

particles are chemcally stable; and/or (4) where the

tacrolinmus has not been subject to a heating step at

or above the nelting point of the tacrolinus in the

preparati on of the nanoparticles of the present

i nvention. The term "conventional" or

"non-nanoparticul ate" active agent or tacrolinus shall

mean a(k @ed h¥eimgsivut” willhe waletsdeodidyi parsonswifioodinarg skill in

solubilized or which has an_effective_ ayerage agf[' cle

dhowt and wibwargito soramedprian the penipFhin Wélf%ﬂé}st el there are
v ] , . ] .

351 5P T afc ol DR (Rl BEVHEICAE, S5 et afyen

ph estext poahich indtueed, Sabautt willlmeestip tsplus etimirsisdiOfo of the

refers to those drags that have a solubility in water

JRrticuld 191N about 30 ng/m, preferably |ess than
about 20 ng/m, preferably | ess than about 10 ng/mn,

or pref &43Rh¥reieRith tbRRnBORIA stdblBBcrdlimiSpaiseld chfictdsnbut
the phrase "therapeutically effective anpunt” shall

reaot lithied rang od oxae ef thedellqwiog parmmetass (4 ) daqrelimus particles

phar nacol agi ¢ response for ' f. 40 i .

ChTRSRER RS LSRR b e B bt ores
NG Rfhevise Uihifidagay Midase I pariclesizb aséztrde;t(Dathatithe physical
t herapeutically effective anount of a dr ag hati s
asimvicwirs ofethe tperdlimusparticlesis ot aligedeyer fiyiey ‘;‘:Filr%s' ul ar

i nstance A | | I | L, L. ' t he
ERRERE R BbuRloiE sl SLEM DR (SRR B0 (o
dasataus padieksret dhenlieally stabés; apdiot (4aitieye thieftamrolimas has not
anount_ by those of skill |n trge art. The t% . .
"brgpspliaftde ahegting sepatins 2BPYE %f’lé”ﬁtglgcli‘?“&t g @%Cwlmus mn
G b AMRbA R 1R I&H@}Ba@ﬁf@g bEBE pR¥erthfvartissence of

di SErare particles, pellets, Beads or granules

irrespective of their size, shape or norphology. The
t er m "Td eimpaconveutionad”™ o'ongrdopreiieylaicipetive agent or

plurality di screte, or _.a egat e arhtGl. .

B

| WhRARES b ¥@e@ve bh@hbe parfible sBRVIPSreater MRHNRBOLORHQ0 nm.
Nanoparticulate active agents as defined herein have an effective average particle

size of less than about 2000 nm.

The phrase “poorly water soluble drugs” as used herein refers to those
drugs that have a solubility in water of less than about 30 mg/ml, preferably less
than about 20 mg/ml, preferably less than about 10 mg/ml, or preferably less than
about 1 mg/ml.

As used herein, the phrase “therapeutically effective amount” shall mean
that drug dosage that provides the specific pharmacological response for which
the drug is administered in a significant number of subjects in need of such

treatment. It is emphasized that a therapeutically effective amount of a drug that

17



W@ o@bioe@edr coating materi al

10

15

20

25

The term "nodified rel ease" as used herein in relation
to the conposition according to the invention or a

or used in any otPer/US2005/045540
context neans rel ease which is not inmediate rel ease
and is taken to enconpass controlled rel ease,

sustai ned rel ease and del ayed rel ease. The term "tine
del ay" as used herein refers to the duration of tine
bet ween admi ni stration of the conposition and the

rel ease of tacrolinmus froma particul ar conponent. The
ti hdhiniAgred kB par@iuldsbidtered partiedler stance Wil ddtrbvays be
bet ween_ del i very of actlve i ng redlggthfronton

chieptvreinireshag th@é%%@e@{é@eﬁseﬂétsw SFin; Gendhoyghsuch
f 09 A %Qﬁ ﬁ%‘g%otﬂgﬂ eutgall%ogﬁéétfvgsctnﬂ)ftm{ those of skill in the

artirculate Tacrof i nus npositions There are a
rwmber of enhanced pharnacol ogi cal characteristics of
t he nanoparticulate tacrolinmus conpositions of the
prese nven I ncr, ased oavai | 1ty The. .
t acr ol ISR oP?fﬁ?‘&?tleoﬁ%uS@fl -n f?? ?Stla%vog allt%)éﬁ whfeh is
%%a%tehzbatsy q@%ﬁ@keﬁe@@ﬁfcﬁgdr@@ iphfticlesapellebig beii®r @m&le@f
the same tacrolinmus, and require snaller dosesas

ammmc‘eﬂe obthpirisize, ahem@rmmhalogVacT he Itqrm"gnultlpartlculate

formul ations. T us rt

tthss reir} weds o pitita lg’r 0(9 th gtegét%d,r}%?ﬁcﬁ etss,tbae%t%s
| Sramdbs & rﬁﬁ&l&t&b\ﬂ@ér&fﬂm&@ea@w dﬂtﬁélf gizé,Ghamf oranorphology.

conventional mcrocrystalline tacrolinus tablet in a

fasted_state. The non-bi gequival ence i n|f| cant
becausEhg termemedifiedgeleasce 25 H??G@QF?‘P &e t’é’n thegiomppsition

g%ég‘?%%é fg);tﬂé %ﬁ'g t:?do éogﬂh bP@d'httth &8 8F usldUd any other

r t e nanoparti ulate tacrolinus
daswge nieanselasbehivhdegefi imaleeiite taeash end riglemto gnedmpass

RABUFA PGB E s BFHR AT BSAGR IR woul o have to

cont ain significantly I ess drug. Thus, the

nanoparhé fhatigelREyOhS (3td HRsR efels 96 tesdugation sfaé ¥
i ncreases the bioavailability of the drug. i
between administration of the composition and the release of tacrolimus from a

particular component.

The term "lag time" as used herein refers to the time between delivery of
active ingredient from one component and the subsequent delivery of tacrolimus

from another component.
C. Features pf the Nanoparticulate Tacrolimus Compositions

There are a number of enhanced pharmacological characteristics of the

nanoparticulate tacrolimus compositions of the present invention.
1. Increased Bioavailability

The tacrolimus formulations of the present invention exhibit increased

bioavailability at the same dose of the same tacrolimus, and require smaller doses
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Moreover, a nanoparticul ate tacrolinus dosage form
requires less drug to obtain the sane pharnacol ogi ca
m cr ocr ySPEI/UB1065/045540
tacrolinmus dosage form (e.g., PROGRAF(r)) . Therefore,
t he nanoparticul ate tacrolinus dosage form has an

i ncreased bioavailability as conpared to the
conventional mcrocrystalline tacrolinus dosage form
2. The Pharmacokinetic Profiles of the Tacrolinus
Conpositions of the Invention are not Affected by the
e dompated sé prdorStamventidnal aeroButus domulatipmst iThys,tehe

SREBBHSUNE Tl abienibaannsfired GriEacR arE Tkt
g)fb? Eié)ltegui‘?éleﬁﬂ% A BEE At D FlaT o BRIt iDHASh RS At 1Mne tacrolimus

d by the fed or fasted state of a subject
italgetsiniarfgstedhetatconposi ti on. This neans that there is
little or no appreciable difference in the quantity of

d bed .t h ; h
nanoparit ap gyt X Jefhsh e Re Rkl atien {he

&f&[{b}?‘drﬁ&lﬂﬁte dadrblithieddsage foemsaxbitil gighifidaatly gteates drug
Benefits of a dosage form which, substantial

etbsorpHar.e4n her the narapapicufalo@ciolEs dlesags PR lbge in
ibag%qgl‘f\;ale(}l? EQI&EIC%H&& ioh%l%ﬁ@ég&s%ﬁ&aﬁbﬁﬁmus dosage f(t;)rcr)ll, the

ctconpl I'ance, gs he subj ect does not need
apaupatitilat taidrelimas dodagkforg would deveiot doataimpighifigantly less

i th food. This i i gnj.fi t, i.t h .
Slrbgedhus iroianareBeviRiersdalinsy fase K TeprBaRl ingrersce
RO bEAVLERNEY LF AR drgg Which the drug is being
prescrl%e y be obServed - i.e., the patient may

suffer fromorgan rejection. The invention also
pr ef erllokapvpr, eviadeparieidate tacralimesainseas formredwEes l¢pg dgpg to

desi.rapl e ph i neti fil . i ni d
R ol A EBEIbARY <fiell s YR QM e 1O
PhaRfrbdrst@iing BRrdlasisddsARtSiosa RS PROGIRABP e f Hicadfoye, the

includes, but is not limted to: (1) a Crax faqr..
t sapopiutiqulete tagreimas dasase fomm hasaninersssgd Hjoaya 138 an

subj ect. f ' . i nj an, ' bly

55 (O AT skl bt espetoe

tacrolinus formulation {e.g. , PROGRAF(r)),

admi ni 3t er ed'haPhhmaeakinetitoBedides afitti diactdimenComposisions
of the Invention are not Affected by the Fed or Fasted State of

the Subject Ingesting the Compositions

The compositions of the present invention encompass tacrolimus, wherein
the pharmacokinetic profile of the tacrolimus is not substantially affected by the
fed or fasted state of a subject ingesting the composition. This means that there is
little or no appreciable difference in the quantity of drug absorbed or the rate of
drug absorption when the nanoparticulate tacrolimus compositions are

administered in the fed versus the fasted state.

Benefits of a dosage form which substantially eliminates the effect of

food include an increase in subject convenience, thereby increasing subject
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tacrolinmus, when assayed in the plasma of a mammal i an
subject follow ng adm nistration, that is preferably

tacrolinmus formulation {e.g., PROGRAF(r)),

adm ni stered at the sanme dosage; and/or (3) a Tmax for
tacrolinus, when assayed in the plasma of a nmammali an
subject followi ng adm nistration, that is preferably

| ess than the Tmax for a nonnanoparticul ate tacrolinus
formulation (e.g., PROGRAF(r)), adm nistered at the
conplissagehe Titgedesty Adtinteptoasnsmedkatribdyi are pakdrg & doseas
used herein, is the pharmacqkinetic Blr ofi |l e .measur ed
aitherrwithher Wiheytfpodyoklas srsignitieastiahygth pepr spyect compliance
SORCALARRHus, 4 RESEEHGH: hBGEAldofilitiof PG iR irug is being
exnibrts I'n conparative pharnacokinetic testing wWith a
poderibsibpay bé obdeaterl -t Aey the ipatimnt fryrsuffat from qrgargrejection.
PROGRAF(r)), admi nistered at the sane dosage, a Tmax

not great.er than abo % nat greater t . :
0% "G 161 oHPR AP emB Ao Hg5s BRE G siEPs iR favine
Q%Qi%bléﬂ%ma%kiﬁétﬁﬁgrmetm AdbouikteRA% ni@imalifadublects.
than about 30% not greater than about 25% not

Grheatesiratilépheratsooktingt@vprofilstof ghectastotimus samppetons pyeferably

not. greater than. about . 109 . 1
et RS A P BAT BY (Ll G A RS diBRaTR e
t59n0] MG athBTallkih SiHj€A follbvARg aih@iniartiod) thetis prdferably
tacroli-nmus conposition of the _invention texhi Pi.ts i n

ayeasenr than the Ghaforaawrimsaepastiewate fiapgolppniogmulation (e.g.,

= A rti . i r i .,
AR ERAARY hBIIALEA hAGE Qo TUSsab LA i AUCS.
Watretimius, wiien ®8s/ied b thetpl &8t of et mbremstiambdjtct fgtyingt
| east about 200% at .| east ahout, 300% .at | east about
OIS HELOTe A TS TS0 BB DA A a5t NSOOOBR I ate
| gasti y REGGR AR Bt the ke adraus;
9%%%1@? % eélg%&a (e IJ1000% g?y%dgggg%g%outtt 1100% at%é
| maiddr (ApoTitmat Fo0@grokitmuk.caldn asbayed in Bealgsma of aamammalian

bout . 1400% | : t 1500%. at
i) fobwike Sl ingTatiof 38 s Prv iy s 1R Tbe 1888 r apon-
E‘Igar{ogﬁ*?ﬁzulﬁﬁc’t%roﬁl%gg Yoreuaion(e. 5 @R OGRA @y xadenihistiirédeat the

e non-nanoparticulate tacrolinus formulatign, In
ysimeadust e r Thendsstable pharmapekinetis mpfileuas eWAPSEIRIHHCof

t p earrlngc\:/oq(?rtleltﬁ%roﬁle measured after the initial dose of tacrolimus.

In one embodiment, a preferred tacrolimus composition exhibits in
comparative pharmacokinetic testing with a non-nanoparticulate tacrolimus
formulation (e.g., PROGRAF®), administered at the same dosage, a Trax nOt
greater than about 90%, not greater than about 80%, not greater than about 70%,
not greatér than about 60%, not greater than about 50%, not greater than about
30%, not greater than about 25%, not greater than about 20%, not greater than
about 15%, not greater than about 10%, or not greater than about 5% of the Tmax

exhibited by the non-nanoparticulate tacrolimus formulation.
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exhibits in conparative pharmacokinetic testing with a
non- nanoparticul ate tacrolinus fornulation (e.g.,

adm ni stered at the sanme dosage, PENUSIOS/045540
which is at | east about 25% at |east about 50% at

| east about 75% at |east about 100% at | east about
125% at | east about 150% at | east about 175% at

| east about 200% at | east about 225% at | east about
250% at | east about 275% at | east about 300% at

| east about 350% at | east about 400% at | east about
450% atanb’ﬂhaﬁémbcbtﬁmbnﬁﬂﬁ%acrahmheamhpmi!ﬂmt o566 Mvention
| east about 600% | east about 750% at Ieastlcﬁﬁg

bRt AR cq>raa%r9tl‘éeola¥mm?®é%eﬂatteﬁﬁég§%1t NE9H9
gtgcg'%'xmﬁg ?ﬁnu&éf&@of 3& g 188?90 BRAY 2 ARNTterRY at ﬁ@%&mé‘ Bedkge, a

abo at Teast about 1050% at
| @ a5 Whidhois bit 180 @boUtH%, @b khstaboutt 10095 @vdeastrabaut 208 tat

e g
PREGRAR ) Y0093, at BaRESHHuY BOGRCH 15t 4HbRt TEm¥% Ohtileadsabout

Conposi tions of the Invention Wien Adm ni stered in the
FEM0Ve ras LessttaheutFld H0¥d atteast @bquid 20B%ee ait leasih abgug d 300%, at least

9 r n

CUERDTTO0E 3 otrBn Loy hieCRAR S oy BB shL A0S,
t 2 1asUHRE 1 800% 2orfad fagichbs et W 0l/s gehte e thiah vied @,94;( eklnibited by
adm ni stration of the co 05|t|on to a subject in a

f thel nen-awaopariilae faceoli orpulghar ption of the
conposi tions corrpri Si ng t he nanoparticul ate tacrolinus

when gﬁe@ gﬁ&ﬁ b 8 dactQERMS amsft%t&qhe%ﬁqa&ﬁlon

is pre an a out 35/0 ess than about
Sﬁaﬁblkﬁmoﬁipmtm@phﬂrnﬁs%métmstssthigamﬂabnm—nzlmrtice@ée
t han_about

% t % .| e han a
5%%@%3‘@@1& G ORI ol Bl Rkt SGnd e, o
| RYRMvhRAis sﬂeas't %&Rbs%naﬁl@gs@ AP S6% 'ﬁﬁl&@ﬁ%bm@ﬂ%ta@ least
tacrolimus, wherein adm nistration of the conposition
t abcmt ﬂ;Q@%eaitleashalwutt 423%datdeast abqug 150%eeflpashpteant 1790, at

east albgltltrfotol‘f at east ahbout o, aLt ea&nabgﬁ)t 2950%, at least about 275%,
at least about 300%, at least about 350%, at least about 400%, at least about
450%, at least about 500%, at least about 550%, at least about 600%, at least
about 750%, at least about 700%, at least about 750%, at least about 800%, at
least about 850%, at least about 900%, at least about 950%, at least about 1000%,
at least about 1050%, at least about 1100%, at least about 1150%, or at least
about 1200% greater than the AUC exhibited by the non-nanoparticulate

tacrolimus formulation (e.g., PROGRAF®).

3. Bioequivalency of the Tacrolimus Compositions of the
Invention When Administered in the Fed Versus the Fasted
State

The invention also encompasses a composition comprising a

nanoparticulate tacrolimus in which administration of the composition to a
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regul atory agency (EVMEA). Under U.S. FDA guidelines,
two products or nmethods are bioequivalent if the 90%
Confidence Intervals (Cl) for AUC and Cracare between
0.80 to 1.25 (Trmax neasurenments are not relevant to

bi oequi val ence for regul atory purposes). To show

bi oequi val ency between two conpounds or adm nistration
Gabjdtt inQnfastpd statedn bidequikzalepyie admivEAatipni cf ehd crmspositiva to a
90% Cl. for _AUC nust be between 0.80 to 1.25 and the
gobgeet infdfed 8§86« nust between 0.70 to 1.43. 4.

Di ssolution Profiles of the Tacrolinus Conpositions of

the | ngniiFeRnddR etbg%ﬂbﬁ W&e%@ﬁ@@ﬁhbh@é&nﬁisﬂé’@e

pr esent 1 nvention unexpecte % dramati c
dlaaepdrtlcmlam tmrolﬁmuewherr@pnmscmrs@m ¢ ifeshvassusdhe fasted state, is

SO B ShhIR 02T o BOFLAPRLG r 05, b

afgh SBRADEY%, wsﬁ’ﬁiéﬁlab@ﬂl 1|5”/$ Yess Tighni aBBUOME/. 166 than about 5%, or
di ssol ution P/I‘Ofl | e and bioavailability of tacrolinus,

i less thawygleefutB%: 0 i ncrease the drug's dissolution so
that it could attai n a level close to 100% The

tacrol r%%eﬁﬁ{/gg 3 PhS g{,entulaﬁ fRE Hﬁoﬁ BYRRIJa s

preferé’b i'ssol ut1on pro In which wthin
ammuparﬁcmafeumshmm |veteesdin abmumst%ﬂ)&m@f tllehﬂ)nqmmm)mto aon

i s dissolvyed. In other en@p of .t he 1anent d ¢

L UDjSShi A HBE S UCIBDBEE: BOSTURISERISR GLH FopesTion to a
CQfpR DUt AUCUWRlinkdgiven
yet oﬂ%lteér&gﬁ%aged? %‘%@%?a%ééﬁ?ﬁegnu o%rﬁ pr e%ger ably %t

| mate (A oMoMﬁ%DmgMnﬁMtlabm the (O%'re@londmg ’E@E@peen

about 80% of t C 0Si s di d
ieeRetors pstey (BN AL GadeMERs TR Dhidklif, hio Plodidts 87
enRadhiRRbi qouwaeenlt MBOOIBTonfidenRTaknal&{Cl) EasiUabayt
70% about 80% about 90% or about 100% of the

t Gadxakd lmtwe@m%@icb 1 26 g meiasemortd agd ad relewmbin 20

r%mequlvalence for regulatory purposes). To show bioequivalency between two
compounds or administration conditions pursuant to Europe’s EMEA guidelines,
the 90% CI for AUC must be between 0.80 to 1.25 and the 90% CI for Cpax must
between 0.70 to 1.43.

4, Dissolution Profiles of the Tacrolimus Compositions of the
Invention

The tacrolimus compositions of the present invention have unexpectedly
dramatic dissolution profiles. Rapid dissolution of an administered active agent
is preferable, as faster dissolution generally leads to faster onset of action and
greater bioavailability. To improve the dissolution profile and bioavailability of
tacrolimus, it is useful to increase the drug’s dissolution so that it could attain a

level close to 100%.
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products having very different dissolution profiles in
gastric juices, i.e., the dissolution nediumis
predictive of in vivo dissolution of a conposition. An
exenpl ary di ssolution nmediumis an aqueous medi um
contai ning the surfactant sodiumlauryl sulfate at
0.025 M Determ nation of the anmount dissolved can be
carri echeatdrolmus p@npamxﬁxhﬁtotﬁ ket prysent hneremtmlmriefegab:bj' haie a

50 Brigh PETLE 5 WhisH G S5 ipaes ot fraeb DeRsrie’ ©
c%ﬁ{ QbikiBH$s ? %ﬁé@%ﬁ' th Bfier ShbbdiRchR\oFMld PReibnasideist abalt

ure o e tacrolinus conpositions of t he pr esent
|3m9/ent ahmt 4&%torﬁ ghe tabrolipoieomipositers isrdissolyjsd vythis alayt 5

that th ctiv er artlcl

rIE’dPluEeﬁe rg o?lg& regll%oﬁ’@% (?ftt tlon éeggra?l&aatrt] ggt about2
M4, ABSut 50%,.Sabbét G1% HbUERIY, or&%ouﬁc 809p ofithe tacrolimus
adm ni stration the nan\c;gartl cul ate tacroljnus

mmsxtmnom@lsqudﬁélthm pieti Irmigtes n Sinaflgdingpethee to a
rfﬁ? art | f lé}?'tl?lv r? 0 S ﬁt legﬁﬁpoﬁt%%j%%@%d@ra@but

ene ornmul ating t
t Gk, Qirlaﬁua 100v®ofBha ww@aﬁms mﬂm&mopas dissdleedswithin aBout 20
nanoparticulate size suitable for the present
i MYBESi on is an effective average particle size of
| ess than about 2000nm I n anot her enbodi nent, a

{
Inﬁ\r) g g ta]:f)%s%&llﬂgﬁg % p??f??ab%%%e% ih @rmédiemprigse Rt discriminating.

ect’ive average particle size of
| Srsch mmlmbmunecﬁmﬂ withprodice a:wo Nhlev mﬁn@phdlss%mm qirves for
active . a

sent /8
eyttt g, 1@&1‘2?@ efrené}(ﬂisp 18n g eso)fn %aﬁtrl] Hltcgé) i.e., the
a&i‘s?{btluudn m&chﬁm% ptedetiRe 8NN HALissditidrest Sqmissitiont Am
smal | particle size upon admnistration, then "clu

oexeayiry dissaluticn medive 1@@@wewrm¢deu@§oaia§1mgﬁhwarfggant
t.h
B L S BB P R AT e s ShorREbflaifta et

f ofrfigd b&@x t?@ibb@d/@h@fbn%tgi aHe rodug blade melthcfd(@ﬂarcqmem gy.
Wth the formation of such a%gl onerated particles, the

bPeararenosia) pgl}:b@psqdﬁg measure dissolution.

5. Redispersibility Profiles of the Tacrolimus Compositions of the
Invention

An additional feature of the tacrolimus compositions of the present
invention is that the compositions redisperse such that the effective average
particle size of the redispersed tacrolimus particles is less than about 2 microns.
This is significant, as if upon administration the nanoparticulate tacrolimus
compositions of the invention did not redisperse to a nanoparticulate particle size,
then the dosage form may lose the benefits afforded by formulating the
tacrolimus into a nanoparticulate particle size. A nanobarticulate size suitable for

the present invention is an effective average particle size of less than about 2000

23



W@ o@a660bdr eover ,

10

15

20

dosage formmay fall well below that observed with the
liquid dispersion formof the nanoparticul ate active

t he nanoparti cul at e tacr ol i MRGT/US2005/045540
conpositions of the invention exhibit dramatic

redi spersion of the nanoparticul ate tacrolinus
particles upon adm nistration to a mamml, such as a
human or animal, as denonstrated by
reconstitution/redi spersion in a biorel evant aqueous
medi a such that the effective average particle size of
tre. Frealioshpe esdddinsent, @l ianugarfieulste clze suitablé wshe prgsent

about, 2 mcrans. Such biorel evant.. agyeou i.a can be
ARVETSIAN AR e AYAS RatTiFIBLZe Rl SaINap AR et
strengt'h and pH, which formthe basis for the

bi or el BYSAC treHanbhtetidREtL Active WeHESIniRMitidls N theipavesit
strength are those that are representative of .
physitondghef#ifrape thei smadipartice sige phthesetivrsgent: sbidy actsirch

bi or el evan ueous . nedi a n. he. f l.&,:-8d us
HeSh I FoLeoBP R TR Srou GRS fop BRI Fou MR
SelhimpAGr dgglomeRAcEEactiVt agert @attichs broformbéredhg tovthech
exhibit the desired pH and ionic strength. Biore]evant

pritiemelyehigh gwidsgs fras enpreyof the mpePELigHacsysten anddhe

S c e:.Rk f ' t
SR pghraling RERER iR 5 bl tedyBipn hIRE chelad;
| Withshé fremiatien pHhwehngglangeatéd partidles, shdbhioavedlabitity hfthe
colon it can range from6 to 8. Bioreleyvant .ioni.c
sq9sagRyfoRm; rmafal PP 1oW ks DFeRv kWit e I%fii"éaefélf’&f%fm of
3@99’%@%&3& B@RedBedtoni ¢ strength of about 0.1M

I'l'e tfasted state intestinal fluidhas an ionic
strength of about 0.14. See e.g., Lindahl et al., )
" Char aboeedves theornoparficyatdadrolimus pemspsiianstof dlipginvention

(G ol B ron Fnf Bl HE lste ATy dEjtes pon

| QthiGistbfien 8 Hm@fnidlautiesd a Eehbik boahimal, @D demonstiatedddy
than the specific chemcal content. Accordi ng}lﬁgﬂl Ffoctive
€ criecuv

arsporsitytionéedispersian ik biorelevashaqueovamgdia sugh
obt ai ned [ h . ' ' . 9
DRI SRR BTGP AR I (T30 abou
CRRjrugRt uchbistelrase apadous n{ddieecan bemak agadas nadih that exhibit
it ’ .
ggqre;q(;gigq%ni@hig%trgr?étﬁ %ng {)Ht, Qvﬂch%’g{'rg )die pasis for t%te Ib%orglggance of
the media. The desired pH and ionic strength are those that are representative of

physiological conditions found in the human body. Such biorelevant aqueous
media can be, for example, aqueous electrolyte solutions or aqueous solutions of
any salt, acid, or base, or a combination thereof, which exhibit the desired pH and

ionic strength.

Biorelevant pH is well known in the art. For example, in the stomach, the
pH ranges from slightly less than 2 (but typically greater than 1) up to 4 or 5. In
the small intestine the pH can range from 4 to 6, and in the colon it can range
from 6 to 8. Biorelevant ionic strength is also well known in the art. Fasted state
gastric fluid has an ionic strength of about 0.1M while fasted state intestinal fluid
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el ectrolytes, etc. Representative electrolyte
sol utions can be, but are not limted to, HC
W@ 0a6@n%s, rangi ng in concentration from aboupCDUSDES/045540

to about 0.1 M and NaC solutions, ranging in

concentration from about 0.001 to about 0.1 M and

m xtures thereof. For exanple, electrolyte solutions

can be, but are not limted to, about 0.1 M HC or

Iess about 0.01 M HCI or | ess, about 0.001 MHO or
aotOé%{l or |ess, _about 0.01 M Nad or

| %gsan 19Bi55trepsip @ alRﬁ”NQéi‘* e p&sd-indahdietralx {‘Ghasecterization of

th t San

it She HORREh PRIk EuB b NP en gVl Frgym.

hesan pHyA99+ERi @897)condi tions, owing to the pH and

ionic strength conditions of the pr oxi mal

32501 loth BittevBR bt iRl and 155t et o iehshliionas ware
pitRal then Zhe @eifietdhdmich PeR@&GH] Webordin g}“%}a gﬁ?%nd id-

solution sinulates typical acidic co
t keicstignghryaluss sen be pliained ﬂmough\mmbuﬁmmwbldﬁ&na of strong

I an t.he i.oni.c stren
cong ??%&réb eﬁ%ﬁngﬁl %ﬁgfe hl}?lﬁcgo%]g%?}e a?lﬂctfaﬁgp"ﬂbg ¢ fre Weak
gmdsrmdruoﬁfetpdndingfdaht. dﬁmatadcid)omgﬁolﬁ@ﬁ@ e {)ﬁ?px%ﬁé
%her than 0.1 M may be enployed to sinu e fed
UYERLGri t hin the human G tract. Exenpl ary
sol utions of salts, acids, bases or conbinations

t her eoRe r%b'n@a"ﬁv@ %fébt%l'ytet Qﬁltféﬁ§ bae0k, @glt ?Pg Hl%t%d to, [ICI

strength i nclude but "are not I'Imt

aiﬂhdlthd@pﬂag en s@wmratlwdmrm Aoy Gt 0 umnam)dl Mahﬁcﬂ NﬁCl
aci d/ acetate alts + sodi um

th}tlo of chloride
pot assruitehe 11;:%1@5% fooén Bpoyt I0<9|1|t€1é ot r ol ed .
afilxtires fRIQRINRbCGRPIS ekcﬁ@@té’é&u‘cfb‘ﬂ% eavhe rﬂu@ﬁﬁ{étn?@ _|t191'it\=!@1

salts of chloride, and citric acid/citrat
stodatewt 04 YIdEGC] Q;rlesanzdm@ao o1 Mqur dessfaboht @O0 M HChor

e ap RSNt Bt AV R MR o1 55 b BN e

aor lesgLaniunixtiteothetedy.a0f thesd eladyolPleliBlutions, 0.01 M HCI and/or

0.1 M NaCl, are most representative of fasted human physiological conditions,

owing to the pH and ionic strength conditions of the proximal gastrointestinal

tract.

Electrolyte concentrations of 0.001 M HCI, 0.01 M HCI, and 0.1 M HCIl
correspond to pH 3, pH 2, and pH 1, respectively. Thus, a 0.01 M HCI solution
simulates typical acidic conditions found in the stomach. A solution of 0.1 M
NaCl provides a reasonable approximation of the ionic strength conditions found
throughout the body, including the gastrointestinal fluids, although

concentrations higher than 0.1 M may be employed to simulate fed conditions

within the human GI tract.
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sui tabl e nmedi a) have an effective average particle
size of |ess than about 1900 nm |ess than about 1800

| ess than about 1500 nm [|ess than about 1400 nm | ess
t han about 1300 nm | ess than about 1200 nm |ess than
about 1100 nm | ess than about 1000 nm | ess than
about 900 nm |ess than about 800 nm |ess than about
700 nm | ess than about 650 nm | ess than about 600
nm |ess than about 550 nm |ess than about 500 nm

| ess E;a@fﬁ{)laﬁogmutﬁﬁﬁ ofialts| &dds, bhses oabombindtionstherebl sdich

t han about 350 nm_ | ess than, about. 300 nm. |. t han
axdubit thrsipsited PHlagd i9mig srengHy {0 19 ‘5’@‘“}1@ ° about

1p0 nm. . | NPytadshsis ahdaflciabOslts 68 nm
s D i R R G Ty
Lhightle $eetid sid/agtate siltsdssodiim  waassivyn ansk cabeinyrsalts of
appropri ate, methods. Such nethods suitabl e f .
ablasdes aEposic asad/Pirarbapalr Sl IRy ROPLE apElalsiamelts
Ar PAGAEL o ,cf%fié b Q@S bdids + ddtune pakdssium and calcium salts of
edi spersibility can be tested using any suitable
rRkRgeknown in the art. See e.g., the exanple sections
of U S. Patent No. 6,375,986 for "Solid Dose

Nanoparti.cul ate,.Conposi.{ i .Sk gl,stic
o, ABeHhCBPOGTRERy Tl SV AR it UARHAYS

?gﬁ&‘léébf Fedinyentdunl (fesspetsed ii n dfieodsbiavelevars, or any other
npositions Used | n Conjunction wth

her Aciiy
AgiSehle nTeHis) a1 9TASEVe BYRSUES R RIS S18F Of 1535 ha0 ARpytd 900
can .addij t.i ' u&6d win,
TR RS Al A0 La00GRAAE e itouP 170TPAR, QY TRAN R
Qe4¥ARE] AHoan$500f nrh Hess tharesticuo h4@mmblessctban abong|130@am, less

tthen sve R dtbpmclers an ahns i Giner s thin PO RN pfilfesd than
%‘g)ghnﬁ(ﬁ)t rﬁﬁ,?lg%sirtﬁal‘f QU R60 haN1edd thAn SHEIR 780 thiny, Ges8 gednt about

es o ugs that can be co-adm nistered or
0650from,Tedsahariabout H0Q By ek thars abog SABIam, bass thanaba 500 nm,

limted to, cl ospoy,i ne phenol i [ [
S S PRS0 P ARAE 0, o B AR
(';ﬁgoﬁ{ 300 iR Oleld (RS LR 286 nmy ledS BRAMbOGED0aYI1eks than about
oxycycline, interferon beta-I1b, malononitri/l am'bde
FIS0A8, lagsahin apit 480 nm, less than about 75 nm, or less than about 50 nm,
as measured by light-scattering methods, microscopy, or other appropriate
methods. Such methods suitable for measuring effective average particle size are

known to a person of ordinary skill in the art.

Redispersibility can be tested using any suitable means known in the art.
See e.g., the example sections of U.S. Patent No. 6,375,986 for “Solid Dose
Nanoparticulate Compositions Comprising a Synergistic Combination of a

Polymeric Surface Stabilizer and Dioctyl Sodium Sulfosuccinate.”
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| east one surface stabilizer. The surface stabilizers
are preferably adsorbed to or associated with the
surface of the tacrolinus particles. Surface
stabilizers useful herein do not chemcally react with
the tacrolinus particles or itself. Preferably,

i ndi vi dual nol ecul es of the surface stabilizer are
essen®i al | Tacradanues Conpesitivhe Hsedin Conpmetion ket Othern
anot her enbagivedgentst he conposi tions of the present
|nvgn}!on can ﬁonprise two or nore surface

st abi The [es entlo I

nanopéﬂth %Cﬁ?léff“és‘f }%Q%’Sr}’ﬁ%e ﬁgﬁrga dggééljtéhq@%ompnﬁe
QRRE opﬁlo@écﬁnPUﬁBﬁ @éélﬁﬂ 13%1? hxiabf yrgan |l &he
carriers uvants, ve |g?%s co??ec??egl

rcefmppsitians of the inyantidnegas, bepeforpwsdiwiflbigh ot B%t“’e agents,
for,nul at ed. f or [

L B PR LA AESLL S iy
admimketddah bemjuhdtiononitidsuchiagtivelagents. &aam:prbds of drugs that can

\éq%%b%lglg%?e%&r(yggfgn?ﬁa@ggﬁlc aquﬁohlggﬁ%ggcéﬁ%amgut aré not limited
lt?,}(ééf%ﬁ)ﬁé& Crgap ?13%%%}%%0%@9&1& ahpA6YRif (A4d BidvRTas s@tﬁ)ﬁnﬁﬁ}?

_ i ments of” the iInvention, the
nédinpatihbls uingt@pheadeielmhofis], pontivudteroidsngluaeasriiopsteroids,

nj ect abl f
iy i irpnterieros heta Lb. T Gu g s K8 seratif i
E%Hégﬁ%ﬁ'lﬁ bhsSliAnRB; MNhaeseskag@cr ol i de | actone. As

erein, the term"tacrolinus" includes anal ogs
and salts thereof, and can be in a crystalline phase,
a. andﬁmhpu@ﬁphase, a semcrystalline phase, a
sem - anor phouse phase, or a mxture thereof. The

tacr ol {yous_ | | i | | e,
may behber VL& ong;??ﬁﬁ%sc%%qﬁﬁ%ﬁ g‘r:ér)rl]ﬁgl?mﬂg blg{cgga?él)al Iy
qa&bﬁﬁhk$mka@aﬁ&aﬁka@mmesmfmmsumﬂnnxtﬂh@&nﬁmcembdmgﬁam
ot herwi se, of enantionger
preferably adsorbed to or ass001ated ‘with the surface of the tacrolimus particles.
Surface stabilizers useful herein do not chemically react with the tacrolimus
particles or itself. Preferably, individual molecules of the surface stabilizer are
essentially free of intermolecular cross-linkages. In another embodiment, the
compositions of the present invention can comprise two or more surface

stabilizers.

The present invention also includes nanoparticulate tacrolimus
compositions together with one or more non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively referred to as carriers. The
compositions can be formulated for parenteral injection (e.g., intravenous,
intramuscular, or subcutaneous), oral administration in solid, liquid, or aerosol
form, vaginal, nasal, rectal, ocular, local (powders, ointments or drops), buccal,

intracisternal, intraperitoneal, or topical administration, and the like. In certain
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Sui tabl e surface stabilizers include, but are not
limted to, known organic and i norgani c pharnmaceutica
exci pients. Such excipients include various polyners,

| ow nmol ecul ar wei ght ol igomers, natural products, and
surfactants. Surface stabilizers include nonionic,
anionic, cationic, ionic, and zwitterionic )
sibbdigieatt of thdinpetiodl thethanopdriadate tavolimusiormulatigps are in
i nj ect abl e nanopartlculatapgﬁ rollnus formulation is a

po v erdile HOm oRAn enfgalsrceaie O&-exanpl es of surface

stabilizers include hydroxypropyl nethylcellul ose (now

known jas thP(f]ﬁJaﬁQSG)' hydr oxypr opyl cel | ul ose,
pol yvi nyl pyrro one, sodiumlauryl sulfate,

di octyl sul fosucci nat e, %slatln casein, lecithin
(phos maamlms; alsallenawnas I@@ﬁﬁ 8E Ealnaym@hkﬂae’s?r@%u pered

t d

PR BRI B R R SRRl G o
3hieoieleof, a8l 0ARBE RANEry fAllinG physeNgh mm;phsmﬂihatsam semi-
esters, polgox%ethylene aIkyI ethaﬁs H%§ fnﬁﬁg%%nﬂunus
@t}l"séﬂﬂsnfsphﬂh ASCEELBREROYSRPRABEY 2, MIFHH et
G5 Rl e it indEld o\ﬁawthgﬁﬁ%plfé%l\é%XfBQ}%&ﬁ ARG RNhALdEY

rs ommer ¢i al 'y avai | abl e Tweens(r)

6 Budsarttially opﬁ’Ml@rpuz?éDﬁr@tlamdr FvesermBOfre) ra¢¢ngic or otherwise,
Speciality Chemcals)); polyethylene glycols (e.g.
CAeBYWIIEES-3550(r) and 934(r) (Union Carbide)),

pol yoxyet hyl ene stearates, colloidal silicon dioxide,

phosphat es, g @@g&, yﬁﬁg%lcellulose cal ci um

car boxynet h el lul ose sodi um nethyl cel | ul ose,
hydroxyethylcellulose hypronellose phthalat
noncr y@@rabinaﬁn@lwémqrﬁmonﬁﬁ@ﬁf@@ﬁﬁh‘é@e& FIthRmse|in e e

Eﬂlr’l_%s ,apf 8&'3);% @PF 5%&“:% %Itl}e)aérgﬁ%gﬁ &Vg ﬁ/ ’nSeur_ltaR}e surface

eddniligneiekiddcoiangt A lh[’fﬁ’tedemddﬁw(nairgmk mmﬂ/\mommc
tyl oxapol, superione, and tritqn), poloxanerse§slgu

Riharorieuticateseipientn B urh oBYPIFISURGIRGF Virioup PRYR
G oB%C%I”F&J%@%{ ol?%d?ryér '?1?@931' @&d as?d QRWCBRE. ®fed ;

ronic , al so known as
P@dtlﬁﬁﬁdﬂ; fiflude nonionic, anionic, catlomc ionic, and zwitterionic surfactants.
A preferred surface stabilizer for an injectable nanoparticulate tacrolimus

formulation is a povidone polymer.

Representative examples of surface stabilizers include hydroxypropyl
methylcellulose (now known as hypromellose), hydroxypropylcellulose,
polyvinylpyrrolidone, sodium lauryl sulfate, dioctylsulfosuccinate, gelatin,
casein, lecithin (phosphatides), dextran, gum acacia, cholesterol, tragacanth,
stearic acid, benzalkonium chloride, calcium stearate, glycerol monostearate,
cetostearyl alcohol, cetomacrogol emulsifying wax, sorbitan esters,
polyOX}.fethylene alkyl ethers (e.g., macrogol ethers such as cetomacrogol 1000),

polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid esters
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908(r), which is a tetrafunctional block copolynmer
derived from sequential addition of propyl ene oxide

Cor por ation, Parsippany, NJ.)); Tetronic 1508(r)
(T-1508) (BASF Wandotte Corporation), Tritons
X-200(r), which is an al kyl aryl polyether sulfonate
(Rohm and Haas); Crodestas F-11 O(r), whichis a

m xture of sucrose stearate and sucrose distearate
(Croda Inc.); p-isononyl phenoxypoly-(glycidol), also
g]gé%e asmfderdiall YN ailible ITwaidné@stichrds e1®; Bvedn 20@ and Tween

mcals, Stanford, CT);
$0@ (CI SneeiaBisgepsancals) datyations gi5So1ste. £ e bobk & s00

Cl@%’ﬁ%@%ﬁ:@%% Q?%?g%mﬁgg%ﬁ?ea ARl TBRcHoddkide,

ﬁh&pﬁétﬂ@@@gbbamsﬂhg&egllwloshe@dmm b ﬁsdmllyl@p@ sodium,

?ne%gfg%%{l&p &gfd ?Jg(iff;g %g?lm}}eglp ]gﬁﬁl%late noncrystalline
?@1&?@%&%& gnég‘ i H&%ﬁﬂlﬁlﬁ @ﬁﬁ:‘aﬁe’ﬁrlefhahﬁﬁhﬁhe polyvinyl alcohol

cosl de; n-hexyl (-D glucopyrangside;

@vianey(l; N3 ﬁebmgahqhwkbaml)d@lenﬁhwymet with ethyismg oxifsende:

Cr%@?x%%ly_e ﬁ%e h nglr ﬁglrg@nfigpgﬂ sug%rl?ne and triton), poloxamers (e.g.,

ﬁ"l@bfu%b P68® GAR ¥ 08B SwHRh aféﬁ&b@hﬂﬁjl@h,@herp bflethylene oxide and
CGchol esterol, PEG chol esterol derjv t| ve,

@@Mmmdﬁ:)ﬁpol@@@msr (818 efronjc, S B, AlsO kng iy gs P oloxamine
%ﬁ%% Ee Siiﬁf%egl\r/a'ﬁﬂ%/cltlaﬁglrbﬁ 0%85@%%? E{el)fvéﬁlyijrorﬁ% @heal and

esira nanopartl cul ate

ta@&ifh@h'oﬂ}éﬁ)ﬁywh%b{ﬁiela@d@t}@len‘e leiderte sthylenediaming GAYS
be for

ted to b h
Hpandot fe Gormnions Barenb Rk Tgepae 1Y §48 '1%§§}°{B§SF
ndo'?f'e %Jg&mmﬁ"i‘ 5(*—260@’ I%}hmra% alkyl aryl polyether

saccha 05|cs al gi nates,
thﬁSﬂeh@ (R¢tiraland Biaak) n@rqxﬂei;tysnﬁ-rl il 0®c whishuin a mixeirof sgrose

;\#Ita;'\;t; raqll 0 E}I&P(F: 9 %}qﬁ%%@ z{i{ﬂdiag @Q@?%#Wé&@sﬁgp {Eg}(cadol)
X o% ! m%ﬁzya[s %hd@@'@r SuRfabii mébl@(@mz Chemicpls] Stansod, CT);

acrylate trinet amoni upbr om de
b odbdes STRNMONGBrda3 el ym«b‘éé?ﬁﬁqwlny B Brmoni um

o RO B D R R [RBRes e pdak Coo:
Qidgfoyisettkhyt dubARide; n-decyl (-D-glucopyranoside; n-decyl (-D-
maltopyranoside; n-dodecyl (-D-glucopyranoside; n-dodecyl (-D-maltoside;
heptanoyl-N-methylglucamide; n-heptyl-(-D-glucopyranoside; n-heptyl (-D-

thioglucoside; n-hexyl (-D-glucopyranoside; nonanoyl-N-methylglucamide; n-

noyl (-D-glucopyranoside; octanoyl-N-methylglucamide; n-octyl-(-D-
glucopyranoside; octyl (-D-thioglucopyranoside; PEG-phospholipid, PEG-
cholesterol, PEG-cholesterol derivative, PEG-vitamin A, PEG-vitamin E,
lysozyrﬁe, random copolymers of viny! pyrrolidone and vinyl acetate, and the
like. Also, if desirable, the nanoparticulate tacrolimus formulations of the present

invention can be formulated to be phospholipid-free.
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chloride, benzyl-di (2-chloroethyl)ethylanmoni um

brom de, coconut trinethyl amonium chloride or

brom de, coconut methyl dihydroxyethyl anmmonium

chl oride or brom de, decyl triethyl amoni um chloride,
decyl dinethyl hydroxyethyl ammoni um chl oride or

brom de, Cl12- 15di met hyl hydroxyet hyl amoni um

chl or Edemples bf esefideatiogc emﬁacedtabdtzhgsl inglpde,dyay atetnpt limited

hl d
oo LA, PR AT S ITReRcea Gy PN G gheis R, gosphotipics
e e
@gﬁﬁﬁ&mmaﬂmﬂé pysidinammoiptide, SRS abospholaméw
Rpjlt(éqpp %L%yrplgbw%ﬁéwg%o mﬁ?xe%%' ﬂ#}l%%thglmethacrylate

@N/Il\/ﬁ]ﬂV[BﬂB hl d
TaPEyF “%%I%E*?‘fﬂi’b‘a%fhw L napth byl et 1 e
SORdond3-

bhkyidwyhrmtethyﬁmmymam@ﬁmdﬂ polyvmylp
@ ar ’ rre %eﬁ%g@ d%rﬁ!eth?]t s%’ﬁg e. Oth useful cationic

ni-um sa aury trimethyl

‘%fHE‘H[Hefbﬂh@lhﬂ@ IHutlgre nét Hitkigd &d, eakionic lipids, sulfonium,
al kyam doal k Idlalkylannonlun1salt and/ o

gbhﬁk@namb@n EPRALGEYITY FFTROTI Y COEPP NG S Sbenzene

| a

ey RO B Obiofife. Hen 1S GBI IR
mglgtdﬁ??o:@ﬁngﬁmféﬂgﬂ amn’t\brmluk ghioGde on_ht)onddmh@/nut methy]
SR £ TP a5ErD PHICEHR G P s Jiethy) appopium

beRFRISCASY bir %&Hﬂ@x?&h dr§@ oniuAtditbridd driebiaite, C12-
i Mﬁq

anmoni um alkylbenzyl met hyl amoni um

ctfidanéitiel, h}allrcbogylethyémmmonmmrehlhglﬂe AR AR ) dimathyly.
15 )gf)lﬂ Lrl et ﬂ,ﬁq 8]ﬂrmg r?ogﬁé)e m%'%%tyl %ﬁ%ﬁ Qﬁﬂl%}{ um
ﬂk:t Yﬂéu"l‘i}a{el/ la@kﬂ%‘irﬁé‘ﬂh?ﬂﬁ@hﬂywﬁrﬁbhmﬁi ¢htor{dARNRAGhide, laury]

amoni um chl ori des alkyldlneth I um
hdihmgafth (adlesnoxy )4 anemymlumhm f@ﬁnggg

Jtri anmo
dﬁiﬁé %ﬂ?@}zﬁtmﬁlﬁ@fﬁl‘% b8, Sy (c14 18)d1methy1—benzy1
t ﬁhﬁl@ﬁﬁﬁvéﬁlbﬂld@ Nrehageostitmethythentylemmonium chloride

monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C12-14)

dimethyl'1-napthylmethyl ammonium chloride, trimethylammonium halide,
alkyl-trimethylammonium salts and dialkyl-dimethylammonium salts, lauryl
trimethyl ammonium chloride, ethoxylated alkyamidoalkyldialkylammonium salt
and/or an ethoxylated trialkyl ammonium salt, dialkylbenzene dialkylammonium
chloride, N-didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl
ammonium, chloride monohydrate, N-alkyl(C12-14) dimethyl 1-naphthylmethyl
ammonium chloride and dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride,

alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium
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met hyl trioctyl amoni um chl ori de (ALI QUAT 336),
POLYQUAT, tetrabutylanmoni um brom de, benzyl

W eooa®6doyd anmoni um br om de, chol i ne esters (SUuRCT/ES2005/045540

choline esters of fatty acids), benzal koni um chl ori de,
st ear al koni um chl ori de conmpounds (such as
stearyltrinonium chloride and di stearyl di noni um
chloride), cetyl pyridiniumbronide or chloride,

hal i de salts of quaternized pol yoxyet hyl al kyl am nes,

M RAPOL and ALKAQUAT (Al karil Chem cal Conpany), al kyl
pionide,rC12nC48) €87 tramdthd smmsodhmasomidey) dodieerdbenzyl triethyl

KR RYPERS Aokt Ry AEpgf aeaionh SHIoRE COMATARES:

a{&&ﬁyﬁﬂrﬁ&uuﬁ%{mﬁﬁs |a%%ﬂ&ﬁne%[?lﬁﬁm@ﬁﬁhﬁhﬂogc&ﬁ@artyﬂcetyl

am ne” acetate, al kyl pyridiniumsalt, and
aiekwl anincnnorh ichloridal decylanmetalamaneninadsomide; de

| t
dedesy e B R irRER G Girefdh R REb AR
R *ﬂﬂé@mmdﬁmrﬁ ahieFitid €ALHQ‘[GAD‘<33)6) [FOIEQBT, Vi nyi
pyri-di ni um chlorid &band cationic guar. Suc

w@lbptymmgamnbbmml ﬁ%étrgn%tbﬂa%némaﬁ’a% gholine
%gt%f L@éc at gnff:ﬁ: %yerg S‘Pﬁﬁgtg?ﬂoﬂh:b {Lﬁn derphné bed in

I nger act ants:

eféafmdxﬁ@h cﬁI@ﬁde@xhpgm I(suchak manymn(dvhm chlobdk ket
1994) ; and D. Rubi ngh

e s Ry e lco GBI B 1 PIOBREG P Bl heldhpls of
g e‘r]m%e@oqgcﬁ%gﬁ&g @ix@ﬂl‘e? Ml%ﬂﬁ KLKRQUN T (Alkaril

Nonpol yneri ¢ surface
S(t@mlbalmh@aay}; aHayypyrmdmmhymts; sunmgmu@]m@ allkeylamines,

pﬁnzal nggq?e{ﬁu chl or gse,pgﬁ’ ﬁ%}’iﬁﬂom um Cowﬁg\fq%ﬂliﬁ’gﬁl%ﬁ%ﬂﬁﬂ

st! dndd 90hE Ai8eERREHRh lak fave Hesketae, stearyl
tegflngrylr%ﬁg%p&lorgus} Cgmge " a pg:ﬁ}ﬁgl nléjcue > P

cmne acadatemhksdpyrﬁdlmmumad;to hmhmaiqZ@lm% paltsand éWﬁ&mfddeS

dBH%fg o I n% 5&2:%0 t n%“HEﬂ{PM{éd %uaternary

?HT?H ”élféﬁ'ép@b'lﬁlgillal @nﬁétﬁ Ihﬁﬁﬁtﬁﬁl)/rnahhmﬂepzmd:mﬂp@iﬂd@hyl
he tor mul R3R4( + For conpounds of the

f\inyhgyaidivRimRbReidel; snd cemqmﬁslﬂ?é of R -R4 are CHB;

Such exemplary cationic surface stabilizers and other useful cationic
surface stabilizers are described in J. Cross and E. Singer, Cationic Surfactants:
Analytical and Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh
(Editor), Cationic Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J.
Richmond, Cationic Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such
benzalkonium chloride, a carbonium compound, a phosphonium compound, an
oxonium compound, a halonium compound, a cationic organometallic compound,
a quarternary phosphorous compound, a pyridinium compound, an anilinium

compound, an ammonium compound, a hydroxylammonium compound, a
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(ii) one of RI-R4 is CH3; (iii) three of RI-R4 are
CH3; (iv) all of RI-R4 are CH3; (v) two of RL-R4 are
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al kyl chain of seven carbon atons or less; (vi) two of
Rl-R4 are CH3, one of R1-R4 is C6HSCH2, and one of
R1-R4 is an alkyl chain of nineteen carbon atons or
nore; (vii) two of RL-R4 are CH3 and one of R1-R4 is
the group C6H5(CH2)n, where n>l; (viii) two of R -R4
are CH3, one of R -R4 is C6HoCH2, and one of Rl-R4
tpﬁrfmlry s@moaiun eaispowriga hmdwmmor@um)commu@d apprtiapy
are , one of Rl -R4 is and _ane, of

GBI SOmpofah Shd GREGEAE QRO YD P RBO RIS B ale
i8R ﬂ{\ﬁzm% RiorRAnipdufd StehiZforMii IR ERORIRA(+HA

conprises at |east one cyclic fragment; (xi) two of R
-R4 ar(é CH3woandf BhdkbareRH3;R4 is a phenyl ring; or

(xii) t F o] and two of R1-R4 are purely
al i pha({1 c forngéR)mA% S5(15115)1’;330on‘pounds i ncl ude, but are
not | !(m)t eqhﬁe@,ofmtlemaﬂel(qmj um chl ori de, benzet honi um
chl ori de, cetylfﬁ)%rl di ni_ um chl ori de, behentri noni um

chIt or i(@a, | 2l Qf: gﬂuathHﬁl ori de, cetal koni um chl ori de,
cetri i um.hr
i) LRI %%]1] oraﬁeéﬁ%,e@ﬁ JFR1CRA QY Céﬁscﬁ@taidcﬁ{@dfe

hydr o oride, enam ne chlorid
(Furuas m blityLéhain off setremceybcm atomis orieskl or i de

Chor 18 ( o asib e s (her i b B oo e F
Iﬂ@égﬁlg ?n]ﬁkkgég‘{a%@?ﬂﬁﬁéteéd de8bon atoms or more;

ori de hydrochlorlde cyst ei ne
hydr ocfvlipr i tehe, ofdleHalmCHmwd onerpPRIERALS theogretp| et her

SHAIBRELSn. ¥tk 65T8I ontum ohi or i da Y 1!

(viii) two of R1-R4 are CH3, one of R1-R4 is C6H5CH2, and one of
R1-R4 comprises at least one heteroatom;

(ix)  two of R1-R4 are CH3, one of R1-R4 is C6H5CH2, and one of
R1-R4 cdmprises at least one halogen;

(x)  two of R1-R4 are CH3, one of R1-R4 is C6H5CH2, and one of
R1-R4 comprises at least one cyclic fragment;

(xi)  two of R1-R4 are CH3 and one of R1-R4 is a phenyl ring; or

(xii) two of R1-R4 are CH3 and two of R1-R4 are purely aliphatic

fragments.

Such compounds include, but are not limited to, behenalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride,
lauralkonium chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium
chloride, pethylamine hydrofluoride, chlorallylmethenamine chloride
(Quaternium-15), distearyldimonium chloride (Quaternium-5), dodecyl dimethyl
ethylbenzyl ammonium chloride (Quaternium-14), Quaternium-22, Quaternium-

26, Quaternium-18 hectorite, dimethylaminoethylchloride hydrochloride,
32



WOonec®6@bkoni um chl ori de,

10

15

20

25

di met hyl di oct adecyl ammoni unbent onite, stearal koni um
chl ori de, dom phen brom de, denatoni um benzoat e,

et hyl enedi am ne di hydrochl ori de, guani di ne
hydrochl ori de, pyridoxine HCO, iofetam ne
hydr ochl ori de, negl um ne hydrochl ori de,

nmet hyl benzet honi um chl ori de, nyrtrinoni um brom de,

ol eyl trimonium chl ori de, pol yquaternium 1,
procai nehydr ochl ori de, cocobet ai ne, stearal koni um
ogsitinahydroclsbrde, didteamolamirectiom RQE (5)edetyl ether phosphate,

AR A B eSS ey R RO R forice
AHORY LD QLR BmdYshbaftodile SRatohiee clbale, ldorgpien

are khown phafnaceutical excipients and are described
ibroroliete adenafoniunh berianig by kistaikopivar ehiedds, lawirimonium chloride,

clpients bl i shed .j oi nt.| ri :
iR Bt SR TEHa MRy Bl B ERE R Bine HC
SORL@TiNe B drE¥IRatddBideRiniiné Fipérobhiarida ardthylbedzetroaisn
2000), specifically incorporated he{lei, by.reference
Rbldridensy fmppivms biogu e oty lisi@apin shigride,glolyquiateggjum-1,
surfac tabi |.i.zer . | ' an
i%?@&%ﬁ‘?@%@ghgég’? ? ?%6841%%3%? %‘(@%%ﬂ%é %r mul ati on.
@%é:t%ll@diﬁurﬁﬁé&(/gﬁfeﬁstgﬂbfb?ih&dm ethgl mr)pylvma;ﬂmam‘ ;e y
povi donum , apd pol yyi ny] pyrrolidone,. are.so .
o weicer Ban He RIS YIS DR ) Epniom
Fﬂr?l%gfﬁhe( r) (ISP Technologies, Inc.). They are
pol'ydi Sperse macronol ecul ar nol ecules, with a chenical
name of |-ethenyl-2-pyrrolidinone polynmers and

| - vi nyMo&-of lyese slifatierstablizeny arernewn poarmaserticpbexpipienys and

are praduced, commey ci.al | S ser | : I :
LS Fl%ﬁn n 1]818: iﬁ%?ﬁz«gl%/og%tog ?’fz ;hnéélzc%gtzé)c{l (])E?\cnc%géggs{, published
189G yitRe ARicar DRarBewiRb AR®ciation hed ThePharnasewtical
surfacé nodifier for a drug conpound_ to be

aStiiety of Grast Britein (FhaiarmaessiclRrrgo A Yoy ribiralhst

have a l.ecul ar wei of | ess than about 40, 000

d@F?@ﬂ@%&?reénﬁﬁ}égg%ﬁg?' wei ght of greater than 40, 000

dal tons woul d have difficulty clearing the body.
Povidone Polymers

Povidone polymers are preferred surface stabilizers for use in formulating
an injectable nanoparticulate tacrolimus formulation. Povidone polymers, also
known as polyvidon(e), povidonum, PVP, and polyvinylpyrrolidone, are sold
under the trade names Kollidon® (BASF Corp.) and Plasdone® (ISP
Technologies, Inc.). They are polydisperse macromolecular molecules, with a
chemical name of 1-ethenyl-2-pyrrolidinone polymers and 1-vinyl-2-
pyrrolidinone polymers. Povidone polymers are produced commercially as a
series of products having mean molecular weights ranging from about 10,000 to
about 700,000 daltons. To be useful as a surface modifier for a drug compound

to be administered to a mammal, the povidone polymer must have a molecular
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Povi done pol yners are prepared by, for exanple,
Reppe's process, conprising: (1) obtaining

Reppe but adi ene synthesis; (2) dehydrogenating the

1, 4- but anedi ol over copper at 200 to form

g- butyrol actone; and (3) reacting g-butyrolactone with
ammoni a to yield pyrrolidone. Subsequent treatnment
with acetyl ene gives the vinyl pyrrolidone nononer.

Pol yneri zation is carried out by heating in the

et 0€ tesofhahi2thut 40, 08Pl tGes aT b eoldsnltak wenghé »f greotenthan
Edi tion , 1983). The
ﬁﬁﬁ’@péléltﬂi’si‘ﬁ%}ﬂgg%@e‘gg &&W%a‘?@a"o@gr yners produces
pol ymers contai ni ng nol ecul es of unequal chain | ength,

and t g ddhé Esvyﬁﬁ&s mk%ufe@rbywr@mmplemepm poubsay

wei ghts of the’ nolecu

es var a OUt a e
fompesich: fHrabauing %bmfm%@leﬁqw agsPePnamiognaldghyde by

dif
it Bed A adiighv il i) S B EhER e B m* T S8
%pﬁér%% §O(§%brf8nﬂ%h@hi§laﬁ6h@ Qull €3) m&t@l@ty-lgl‘tﬁdmtdns with
K-val ues, based on viscosity neasurenents.

Kmmdnie & wieldgriobidenay r%ttbégqt@ﬂt eringith weyw%gtitesgwes the

f
A S Bl AR e el e YT AAERAERY belEh e

‘iﬁ‘eééﬁé@éﬁqz@ﬁﬁcpmg nGed !Jhé:mﬁdktladéaeﬂo% Effitionypm.758h@Merck
ht - average of the nol ecular weight, My, is

Rabedyb).98Bbds that measure the weights of the
[ nd| vi dual nol ecul es, such as by light scattering.

Tabl e i auklfiGs @%ews For YWRAHe piRner! BfodBedGictmers

connerC| y ava| I'e povidone pal ymers, i ch
adoRtsmihg bl ote HABIOE ufeddal chaselenpth, and dus d@ffer@m lrrgﬂ@cudag

great er than 40,000.dal t pOVI o)
Totiebse b mplelasgrianbo STl Ao A B St
18R h éﬂlﬁ%@frﬁﬁ’erﬂﬁﬂ? W BlaBlel gfadd. -Boecaudeni BaAifd)lt td‘ * W
ist I scosity-average nol ecul ar weight, M is th

rtﬂmda‘ﬁnn@ﬂie mabenartsl moletuar weightdirecndhamosswidely e @mﬁthod
qs%ﬁ"ylrﬁg lvgﬁgusaéol\é’gulgr elgMAérgdéjs 1M§y \f@{}ﬁugs?{')gsreﬁ]oﬂ%cgéﬁty

measurements. The K-values of various grades of povidone polymers represent a

function of the average molecular weight, and are derived from viscosity

measurements and calculated according to Fikentscher’s formula.

The weight-average of the molecular weight, Mw, is determined by
methods that measure the weights of the individual molecules, such as by light
scattering. Table 1 provides molecular weight data for several commercially

available povidone polymers, all of which are soluble.
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walau0a/0pr06%/i ded i n Table 1,

scattering and ultra-centrifugati on, andM/ was
determ ned by viscosity neasurenents. Based on the

commerci ally avail abl e povi done pol yners include, but
are not limted to, Plasdone CG-1 5(r), Kollidon 12
PF(r), Kollidon 17 PF(r), and Kol lidon 25(r). 3.
Nanoparticul ate Tacrolinmus Particle Size As used
herein, particle size is determ ned on the basis of

t he wei ght average particle size as neasured by
conventional particle si TABM&3uring techni ques wel |
known to those skilled in the art. Such techni ques

Lnclude fAr Avao lL.a
—HH+—age,—1 0

caod e
TR T Gt

T+ et

exenpl ary pref err edPCT/US2005/045540

; TR S PUWRY (dlfon® k| PWn (Daltons)**
£ KoVl otay i ory PG o SUTNIIAL oy Spipet Toscopy, Ty
PlslonnGaA | ha05 A qho ARIN ;o +B200 conposhtions. gngo
KaHitlorc L2 BF® | ébibri se t ad08Pi mus | A8 i ¢l ek

Holliahh ECPI% € 16881 age padtdoel e si| 7081084 ¢ an_ahtol0

2O0RommN(1 . €24-32 m d¢rongp,700 n of BELOEAHOM neht s of 600k

I MVeNnFB&huse hBRokAGE WbighTisgreaartpdf,000clakss, ttasmovidene polymer is
aftfuenll haasudce statjeerfaratdiug lcenmimddo brf adminéstered parpntadiy (ie-»
oed)nm | ess than about 1800 nm | ess than about 1700
nm less than about 1600 nm |ess than about 1500 n

| ess f*ﬁ\éhls,étsdwt:?&imyefa%?rﬁoquE%V?tgh 0 &5 mﬁ%@fﬁﬁﬁﬁ"ﬁ‘ 3
el o Epogereeeetenaieioly WL TG PRER
ABETPS PR ALY 6T TE00 M | ess than about
800 nm | ess than about 700 nm | ess than about 650 nm1

| ess tBuaed atietdaGOfonided ineEable hagxeaipbary pEgerrethgompergially

AR D aRe NoRERerE ok 80 hfe] Beblat il oo
. ® : 30 t h b 200
Kl FRe ARl PREE o TheO P AT 20Ut 100

| ess than about 75 nm or |ess than about 50 nm as
neasuryd byNhidgjdrtisglatd BEadroimmwsPaotiele Sidecr oscopy, or
ot her appropriate nethods. |In another enbodi nent, the

nanoparticul ate co si.tipons, of .t he esent d hon,
¢ s visf derein s g Rdeippined Selhe B ol Stlge

Rk doE #Llﬁ']%c%e GO th SRt By RohMtFioRaNARRiE kgt araluiaig
have~an effective averagé particles size of |less t hafn
techniques well known to those skilled in the art. Such techniques include, for
examplé, sedimentation field flow fractionation, photon correlation spectroscopy,

light scattering, and disk centrifugation.

Compositions of the invention, and the enteric coated compositions in
particular, comprise tacrolimus nanoparticles having an effective average particle
size of less than about 2000 nm (i.e., 2 microns). In other embodiments of the
invention, the tacrolimus nanoparticles have an effective average particle size of
less than about 1900 nm, less than about 1800 nm, less than about 1700 nm, less
than about 1600 nm, less than about 1500 nm, less than about 1400 nm, less than
about 1300 nm, less than about 1200 nm, less than about 1100 nm, less than

about 1000 nm, less than about 900 nm, less than about 800 nm, less than about
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about 400 nm |ess than about 300 nm |ess than about
250 nm | ess than about 200 nm | ess than about 150

nm |ess than about 100 nm |ess than about 75 nm or

| ess than about 50 nm An "effective average particle
size of |ess than about 2000 nm' neans that at | east
50% of the tacrolinus particles have a particle size
Y@sem} Resthbhdheborit Séﬁhnuksaﬂmnabeut 699 nvwilegistthan about 530baa,

Lo oo, 55800, I ! gt SEF 200 PR O nen
???o{& 95 Bﬂele%gg%ﬁ 'ab&!:t% 0@%& & %Ean%\éﬁt 25058 Sle@f thhiestsout

an”about when reasured by the above- not ed
26w tun| kpsethan ﬁbmltsléﬁrmm dess thee abownt H00emptlpssithagpahque Y pnm,

si zes referenced above.

Sl oo it Dipaed b G RY HERbE: nfbo R
8t oﬂh grﬁgg@gmg@&{@gf the tacrolinus particles have a
particl’e size less than the effective average, i.

| ess than about 2000 nm about 1900 nm about 800
et c. . In anathes eprhediment; the SARGPEHICUIARCQAPUFEIFS of rgsreng

nanop arti t r

S 2BR5 b Hethfes B R P HRAERORIpL A0 i deRRR Corfinfie

k@éﬁr&lﬁhﬁﬂ"ﬁano?&rﬁb]e@tﬂay ha¥eoh effectmeamagel palrtecl@l stze Qféﬁi?\ﬁhan

whi ch 90% o theefmj:gollrms ti.cles fall q¥

AP0, BRSO, O DLT Frar B Ry plr vl

t%ﬂa% %%LI Gt dl@&& thi? 855t TOE nfueleds 4R aBFRUIBDSINYfless than
acrol I mis and one or nore surface stabilizers can

\6BoWt A0deh Vess Themn abput 3 naptessthanabaut @59 pam, Jass than about

GRB i dpes s opti L0 . lemana o SO Prab IS UER pL RS
%‘1%%&1%11 LSHCAD @8, the hydrophilic I poph| lic bal ance

Kt ng point, and the surface tension of vvater
solutions of the stabl lizer, etc. Prefera

concenn ftffastive ivarags pAriici §ize oA lesnthpn gpoh %&ég G 9@3%]@/0

ttlQlat at least 50% of the tacrolimus particles have a particle size less than the
effective average, by weight, i.e., less than about 2000 nm. If the “effective
average particle size” is less than about 1900 nm, then at least about 50% of the
tacrolimus particles have a size of less than about 1900 nm, when measured by
the above-noted techniques. The same is true for the other particle sizes
referenced above. In other embodiments, at least about 70%, at least about 90%,
at least about 95%, or at least about 99% of the tacrolimus particles have a

particle size less than the effective average, i.e., less than about 2000 nm, about

1900 nm, about 1800 nm, efc..

In the present invention, the value for D50 of a nanoparticulate tacrolimus
composition is the particle size below which 50% of the tacrolimus particles fall,
by weight. Similarly, D90 is the particle size below which 90% of the tacrolimus

particles fall, by weight.
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surface stabilizer, not including other excipients.
Hi gher concentrations of the active ingredient are
generally preferred froma dose and cost efficiency
standpoi nt. Preferably, the concentration of surface
stabilizer can vary from about 0.5%to about 99.999%
fromabout 5.0%to about 99.9% or from about 10%to
about 4.99. 5¢nésntiiticah st NhapadtiadatelBadrolimus andiSuntage
dry wei ght gghilized ol i mus and at | east one surface
stabilizer, not including other excipients. 5. O her

Phar npfepidifRlanfortisRif it Sl iadipaR W intabt sodapotibilizers
of the Invention may al so conprise one or nore bi ngé ﬁg‘

egeviry widdly. Theyoptiaatasountpf the dadivigual gempenents denen

agent.s, sweeteners | avor , L USS,
BerRdrropary iy cag b e RAST IR suPR G iRk
6L S sudsk tBé Aedrofbitic ﬂlﬁ@pﬁiﬁc dslperediHiGB )upetiinglpeintpandehe
of adm nistration and the dosage form desired. Such
exficgitensian cefrveatmplutmwﬁtheﬁtaﬂ%ﬂ@eére{? Exanpl es of
filling agents are | actose nonohydrate, |actose

anhyd IP?CLtgl'ab&gﬂleVC%flééHﬁ%Fﬁlfl 8f GRRIImR*AAPASSrdth abburd@OrsYs to

agents are Fious ce oses and crosslinked

BB 0OE R oD hbain 86% toiabpaidt. Y%t el fromeabe 04b Esabouk febfs

as Avicel PH d.and Avicel PH t.ahli

SeTaEsaseh AR Pt o Bacsrieiat b b AT S LT Bcshhe
TEMEGk Moludistbthabd:@idiets.| Habescorcentratidinngf the

(ég‘éf%‘t%g%%at ‘act onutnh@e fl ovvabr%lit of the powder to be

aotipe mgsdibnt arcezenerally prférrest from@rfloge and erst ediGiaRCYs

Aerqgsil (r) 200, talc, stearic acid, nagnesium

P, calciumstearate, and silica gel. Exanples
of sweeteners are any natural or artificial sweetener,
such asefuMlRIee contbttation of eutifavmssbiidencamyary yrohnrhoue,

aspartame, and acsul fame. Exanpl es flaverin
i Binm ghass OGOPF, Tomy sk BTUREE] % BB gt Reh B
about 99.5%, by weight, based on the total combined dry weight of tacrolimus

and at least one surface stabilizer, not including other excipients.
5. Other Pharmaceutical Excipients

Pharmaceutical compositions of the invention may also comprise one or
more binding agents, filling agents, lubricating agents, suspending agents,
sweetenefs, flavoring agents, preservatives, buffers, wetting agents, disintegrants,
effervescent agents, and other excipients depending upon the route of

administration and the dosage form desired. Such excipients are well known in

the art.

Examples of filling agents are lactose monohydrate, lactose anhydrous,
and various starches; examples of binding agents are various celluloses and cross-

linked polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101
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gumflavor, and fruit flavors, and the |ike. Exanples
of preservatives are potassium sorbate, nethyl paraben,
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esters of parahydroxybenzoic acid such as

but yl par aben, al cohols such as ethyl or benzyl

al cohol, phenolic conpounds such as phenol, and
quarternary conpounds such as benzal koni um chl ori de.
Sui tabl e diluents include pharmaceutically acceptabl e
inert fillers, such as mcrocrystalline cellulose,
JRCA PSE1® T 1025 it croadystallie pbibepieatnd sificifict aricperystalline
and/or m xtures of any of the foregoing. Exanples of
chillulesaBroSabi SMEGH"Sr ocryst al | i ne cel | ul ose, such as
Avicel (r) PHQA and Avicel (r) PH102; |actose such as

| act oge: - @H$he A¢Wability of the
Phar éﬁ%@%ﬁ@%ﬁ%inelg@g%ggﬁtﬁﬁgﬁm phosphat ey_s ch as
Fowadno 8 $Ompiessa aietcolloidal alicdm diexideisuoh as Aeosids 890,
and gl ucose. Suitable disintegrants inchuqe Iightly
talo stentiereld, HAERAIURY steaspler eAlSIHRRCArUR ISR ER™ ot at o
starch, maize starch, and nodified starches,

CT OSCRLMRI QDL sROALAM ar aRY RatRAN oFlliicial OWbetenes  ack bs
gl ycolate; and m xtures thereof. Exanples_of

efidresey eglitoh tsodigardascharia, efclamaiesspartants apd asulfagen as

an organic acid and a carbonat e e0 icarb

Eormalis 1 SpyeineatBisdes Magrtes: f@?ﬁeé%#&?@,%ﬁ?t% fubble
tartarjc, ]H?H gﬂgg | pi c, succinic, and
5%%‘}8?’30 slgfrl]%\);)n y d|}ifhoﬁlbeugskgand acid salts. Suitable

carbonates and bi carbonates include, for exanple,
sodi uBxaapbsndipesseetivesmrbpetasshion spwatepBetyiragahen,
car bonat.e, potassiu i.carhon , ' :
SRR DB 6 S s PR BT RR BB Acid
anoh i Elﬁyl?@fa%@tﬂ%lc%hoﬁ' shetl Mpdthyd @ Peno bicohdleplsaiiom

bi carbonat e conponent of the effervescent couple. ma
mempoesdiruch s phenjob@nd HNAtWIY ﬁamppwfs&sel@h %E&&E‘#ﬂﬁi‘m
FW‘&%&IH ons The invention provides injectable

i rticulate tacrolinmus formul ati ons that can
conprise high drug concentrations in |low injection

vol umesyitabie dilueapiinklodeushadissoticaliyaecegahie inert fillers, such as

rafg%;sttqrdghql: ggl]éll(l)sg, laa(cjtglsé, Id?br;’sictcgﬁ:idrﬁ] Jpﬁgstpﬁgtle,esaccharides, and/or

mixtures of any of the foregoing. Examples of diluents include microcrystalline
cellulose, such as Avicel® PH101 and Avicel® PH102; lactose such as lactose
monohydrate, lactose anhydrous, and Pharmatose® DCL21; dibasic calcium

phosphate such as Emcompress®; mannitol; starch; sorbitol; sucrose; and glucose.

Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone,
corn starch, potato starch, maize starch, and modified starches, croscarmellose

sodium, éross-povidone, sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples, such as an
organic acid and a carbonate or bicarbonate. Suitable organic acids include, for

example, citric, tartaric, malic, fumaric, adipic, suceinic, and alginic acids and
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W@ RIO&06&D¥3 as a sol ubilizer.

tacrolinmus formulation of the invention elimnate the
need to use pol yoxyl 60 hydrogenated castor oil

An exenpl ary i nj ecPEDUB2005/045540
tacrolinmus formul ati on conpri sees, based on % w w
Tacrolimus 5 - 50% povi done polyner 0.1 - 50%
preservatives 0.05 - 0.25% pH adj usti ng agent pH about
6 to about 7 water for injection g.s. Exenplary
preservatives include nethyl paraben (about 0.18% based
on % w w), propylparaben (about 0.02% based on % ww),
pilgdited aldaicid D15YSbiade carhofdias/ awyl bicankpristes igdludg, &shol

to 2% v/ An | H. adj ust.i ' .
CATE TEMNOE TN R T e
BicGibohste Wah&lesiuf drgér?a@é, sMumQIfGhe eiBondte, L-lysine

preservati ves, pHCa justing agents, and |iguid,
carbonze, and nezivieb iabonaic Altetmatiuely, ore theodim Rigarbpgate

pr ef er abl resent in an,inje l.e .nanoparticul ate

FORReRSRE P WQS%EIEV%CG P%%‘g’hetmlf‘%\%ﬁ{)ﬁs%ﬁt' in an anount of

fromabout 0.01 ng to about 50 ng, preferably in the

amounfg, of fifRAtaBONhnOpdibicalaté TaatddiniusAHormylations

Enteric Coated Oral Formul ati ons Tacrolinus

bi oavai l ability is reduced when adm nisiered width .

f ood. ThamvenEeR REGVEIPS WEHaYlE aan%P&Hécé’Eat%f?"’fQilé?‘gfgremﬁﬂﬁuons
A i @it fRielBAtentBBolARNON iifESidnSydl@had, Reth rapid

:ﬂﬁag c%?g#ﬂa%%s_% lligl%igﬁgﬁeeélsedoretgnt ingﬁ_ time allows the

tdad dikdoltiontupodiadmihivteation. fThedditipaithe injesiaiignanoparticulate

diti . Then, t he di. Lved '
Secohrmis T biion ot e angon SR B rihy ool rovcpEs0
g&ﬁg(%eﬁﬁ@d LastFBHAE-60) hea §Asbifkdrmus preci pi tates out

utton. The precipitated tacrolinus is poorly
absorbed since it nust once again dissolve before it o
can beAmbxeontey injetableitacrplimpe ymulation SRMPEESHSsASET o 7o
tvbﬁvpoor wat er solubility of

Tacrolimus 5-50%

povidone polymer 0.1 -50%
preservatives 0.05-0.25%

pH adjusting agent pH about 6 to about 7
water for injection g.s.

Exemplary preservatives include methylparaben (about 0.18% based on %
wi/w), propylparaben (about 0.02% based on % w/w), phenol (about 0.5% based
on % w/w), and benzyl alcohol (up to 2% v/v). An exemplary pH adjusting agent
is sodium hydroxide, and an exemplary liquid carrier is sterile water for injection.
Other useful preservatives, pH adjusting agents, and liquid carriers are well-

known in the art.
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tacrolinmus. The dissolving of the drug in the stomach,
foll owed by precipitation, dimnishes the enhanced

whr@aweiobnbi | ity that tacrolinmus can gai n fronPCT/US2005/045540

10

15

20

25

adm ni stration as a nanoparticul ate dosage form such
as a nanoparticulate tacrolinus solid dispersion, or
nanoparticulate tacrolinus liquid filled capsule.
Protection of the drug fromthe | ow pH conditions of

t he stomach woul d reduce or elimnate this decrease in
bi oavailability. In addition, an enteric coating would
decr ed%e tarolahiiis meeferablyeprasent meandnieciable nangparticulate

Ssoci at e thta toli sadmnls ,
Bmpiaftin ot Bt SRah TR il R RO Ao SEEDF Y Gt
ts@%g|ﬁr£féﬁb1y&ndﬁ§@rhb@ﬁ%fmaﬁbut 0/05anetoetboati2Omigt , t he
oral formul ation conprises an enteric coated solid

dosage form Solid dosage forns for oral
adm niZst r atBngeric foatedeOryforspations | i mited to,
capsul es, tablets, pllls powders, and granules. In

such Zfi | 'n‘ft&slﬁ&ﬁ/aﬁ %&ﬁw&?%@ﬂ hdﬂifhlété%e&%@@d

with oneo ow ng: (a) one or nore
i Adrhinistoatibp muhtfeoc( oemsexamr ineresje, inshedmennt o timerthatithe at e

Jacrelipe FueiRdds B aicrhety ys mpRhR s hER AR oL B
SthérbfinGs ?&111 gsoh(ecl)n thé A&t StonPdéBRoAdtions. Then, when the

car boxynet hyl cel  ul ose, alignates, gelatin
nlisspived\druy exitsl thelsomacks awt entess thermorgdusic &onfélayns of the

e P LR s B T g
QhcibBRIUS §Ppci BT abEorbad gihed & nasi &ce@@&ﬁn&hs};omm&fc&x it can be
silicates, and sodi um carbonate; (f) sol uti og

rabserbdérud thisipiecess ipdpwiberanse ohtheqenppter sefubility of
t
(RSB 1B dBipe R g BLE AR XTI D B ftion.

f‘mﬁﬁﬁ'%l@c%rtﬁé enha(wéd dosailbeititysthastacdliasis kamgain fmn

bentonite; and (] | ubric such as talc, cal

A BBt o Ut daskee BB wichas b arrgrtnuae

gdax&(ﬁhﬁrs s?ﬂ&j Hféjp% lg% ré‘ﬂnaﬁ%zfrﬁ&ﬁate %cr@ﬁrﬁﬁé-‘ﬁ@ﬁd ‘ﬁ'll@ﬂ e8fsule.
or capsu a]leis and pills, the dosage forns may

aPﬁwemOﬁ”pf tiselrigfrberthe tpvagHosditibnsigf the teaweh poyid Tedyce

or eliminate this decrease in bioavailability. In addition, an enteric coating would

decrease or eliminate the nausea and vomiting associate with tacrolimus

administration.

Therefore, a composition comprising enteric-coated nanoparticulate
tacrolimus is described herein. In one embodiment, the oral formulation

comprises an enteric coated solid dosage form.

Solid dosage forms for oral administration include, but are not limited to,
capsules, tablets, pills, powders, and granules. In such solid dosage forms, the
tacrolimus is admixed with at least one of the following: (a) one or more inert

excipients (or carriers), such as sodium citrate or dicalcium phosphate; (b) fillers
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In one enbodi nent, the enteric-coated tacrolinus
conposition described herein exhibits a pulsatile
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oral dosage form The plasma profile associated with
the adm nistration of a drug conpound may be descri bed
as a "pulsatile profile" in which pulses of high
tacrolinmus concentration, interspersed with | ow
concentration troughs, are observed. A pulsatile
profile containing two peaks may be described as .
bhetrestils, sud asi stacheg, laatosn spoese, ghoss; mandibelagied $ibeim

BOISE bindrsesihir cospunag RS REREL S e, ™
@n%g{ﬂﬁaéﬂﬁﬁ’ildoﬁé, QHUBEY. aHPSERA:, (c?giuﬁﬁq‘étahﬁ, WthGk ghfterol;

e reledse (IR dosage ormis adm nistered at
perdisntiegrating egards, such/asi agat-hgar gealaymrgathongis, BOIRIQI 05 &R10%E

| a rofile. In thisg case, . a . .
ey lgietitagroin st SRcie” AR Bl shitoRe R Blut
&GRSR patafiint (EPatbiptioh@géddratodd, shehastjuatprnary
concenfration) devel opi ng between consecut \{e

L ed shgerp!

athmioriiemcamiponnds; G Wsiing agentsusyrhcs selybaleely
their, resulfa ' i M®ricant
SR (BAGIRELT Sl AL iy Bibicr mla O7K@ricane
@ﬁaogsa@gcge galtt\iiutﬁhst?difﬁlm mf%lfesmnﬁﬂﬁﬂ'f ret;e, tottie podyethyderte gheeolnd
provided by the fall o 0 pl as C ent ratio
spdiugtlesnil ﬁw@%@tmﬁ%@&mﬁ?@g‘e % ééwu?%o‘@ﬁ S f‘%‘{ B lséﬂe
C iUt fact ls i QK. preventing patient
t%?geaf?}ééé {h%y\?%?icg%gh?@%gg&ofgr%?ugs. Mul ti particul ate
nodi fied controlled rel ease (CR) conpositions simlar
t o t haBeigdRdedsePedfilaerei n are discl osed and clained in
the United States Patent Nos. 6,228,398, 6,730,325 and

6, 793,936 to,Devan t _al. i - .
opeci frcaeetonardRa s Beris e okt Biosition dpserped

tgeih kBRSO h phlshile phishaiplofilbivehehiadinisesediie afpatiend in an oral
t herei n. Anotpher aspect of the present. i.nvent inﬁq} is a
Vi ‘fﬂ'}g a

nddsegepformi dise alasmedupiile agsacitehyih EsAdaUmsiraP
I%ﬁﬁ&uﬁm&ae ?ﬁesgr%mra's 3'"@%1&%})1% Efo?ffle'piﬁmrﬂiéﬁ h@BesQf high

Nd & secon nt conprisinhg a second
P@ereliivks @Bn@htrhi@t, dhtbisparsedith lovg cemtienmatiandndveghsiiang
particles of the second conponent. are .
observed. A pulsatile profile containing two peaks may be described as
"bimodal". Similarly, a composition or a dosage form which produces such a

profile upon administration may be said to exhibit "pulsed release” of tacrolimus.

Conventional frequent dosage regimes in which an immediate release (IR)
dosage form is administered at periodic intervals typically gives rise to a pulsatile
plasma profile. In this case, a peak in the plasma drug concentration is observed
after administration of each IR dose with troughs (regions of low drug
concentration) developing between consecutive administration time points. Such
dosage regimes (and their resultant pulsatile plasma profiles) have particular
pharmacological and therapeutic effects associated with them. For example, the
wash out period provided by the fall off of the plasma concentration of tacrolimus
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coated with a nodified rel ease coating. Alternatively
or additionally, the second popul ati on of
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nodified rel ease matrix material. Follow ng ora
delivery, the conposition in operation delivers the
tacrolinmus in a pulsatile manner. In a preferred
enbodi ment of a nultiparticulate nodified rel ease
conposi tion according to the invention, the first
conponent is an immedi ate rel ease conponent. The
pRdeéd pehks Bhelbeen thamht tugheeepinitiniiting fadter isaedindng or
popul ation of tacrolinmus p art|c¥ causes a lag tine
prevoRting natenttalernse I yarious fxRgs f g‘i‘r\g? ‘he first

popul ation of tacrolinus-containing particles and the
rel eaﬁﬁﬁarﬁ&h&% enddifen ddnerofies Rikhs® (PRI aimlmltafns autilargo

tacro containing particles. Simla

fiioss disclesaf hezeinmt dis dseld@mé &b@nﬁ%tnr thg %"Fé |Sf[aé‘|’s Pajent fNos.

gégg§8 b ?ﬁi}% éﬂ%ﬁ @2?3{@?({] eg}ﬂirsiee eggts %1 %@\pglgfg r%lget ép%&l?i%ally

fn{c%fBotrB@d b bsttrenePhbratal ol @ﬁ thé edtévaint price-azbintthis rﬁellrgmay be
particles and the rel ease of active ingredient from

ftwndgbereimd popul ati on of tacrolinus-containing

particles. The duration of the lag tine nay be varied

by al tering Lag 8&{{9 RsEAtQRAREOR 'is 4 haltRaRiblatOmoliifRd

nDdlfAé’é) ase coalnga or altering the

Q&B&@%bhﬂp@ﬁtlam taving afissteompbners dompdsing @Iﬁarstsmpﬁhtlpn Qf

material utilize Thus, the duration (g qutl4n

éﬁﬁomuﬂw ‘@??éﬂn EOTRPORCRL COTILTNEYSHPAL RAPHFEH Te.

RS ‘f?ﬁ’rﬁ 1@ A RERhinkR RIEASCEthS Yecbhe component are
Ml articu % te noditied Tel ease conposition, up

agaied mﬂmmmnﬁedselsmsmmng Alleynagivety|og addigiopally, H}%%ﬁ%rld

IpHriQ%{ﬂf@QS@ E}: g%‘ilgrg %/%1 rl‘tﬁg% ggr]ﬁ?nfegh(rﬁ{e'r ?ﬁm&flsets%&ﬁﬁg@r e

NlehdeRRhtik GhleEA. FBNbwilglaea deﬁ’vﬁ@@’@le compositibn emommfatione
present 1 nvention is Egrtl cularly useful for

atbiiivers sheetaprofinmua dn o PrisaEleMBMGhi ch patient tol erance
may be probl ematical. This multiparticulate nodified
rel ea ﬁr@&"ﬁ@hﬁaﬁﬁd&efe@;{e
reduci é‘% ?ﬁ%gte{rﬁ%?dfn%en% E{eggm opnent of patient

t ngioRitien akeorting tactd meentimgr'fhd ifisttcoinponérs ivamisonedinien.

release component.

The modified release coating applied to the second population of
tacrolimus particles causes a lag time between the release of active from the first
population of tacrolimus-containing particles and the release of active from the
second pbpulation of active tacrolimus-containing particles. Similarly, the
presence of a modified release matrix material in the second population of
tacrolimus-containing particles causes a lag time between the release of
tacrolimus from the first population of tacrolimus-containing particles and the
release of active ingredient from the second population of tacrolimus-containing

particles. The duration of the lag time may be varied by altering the composition
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The present invention further provides a nethod for
prophyl axis of organ rejection conprising
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conposition or solid oral dosage formaccording to the
present invention to provide pul sed or binodal

adm ni stration of tacrolinus. Advantages of the

present invention include reducing the dosing
frequency required by conventional mnultiple IR dosage
regimes while still maintaining the benefits derived
SddPePtRe Pubeatof e mbdisisd releat cbaingHndéor alicingte ¢oripagtion
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83%.6 nmaae |

rrequenc possi bl e by utilizing the
present invention would contribute to reducjng hgﬁ{egh

car e Besduse thy plasthagirofletpreducad b thegpultipagticylggsmo

heal th care.worker . 1 h dnmi..ni. st L
ss Compe g s s TRy Ot ftfiima
?ﬁﬂﬁ? ?fon&efdfteyrtﬁahdmﬁ@gtra@péarmkm oBmoaniRodishgoforing givtenc h
e r

st corponent contains tacrolinus an%é}tj?ﬁ second
sapotily; theomptipartsulatesontabiedielgaseCquRASEIAN GRS §d
desi r.abl e for.comhi ' . ' hees @6
i SRy B AT b A, Sroll ARl PR
$ABRNSORRP BE pobihenichh Fhxahiliparitiogletedhedifisd zlease
conpati bl ewith each ot her. dr ag conggund .gr sent in
onBDeHpRRAPTCRFe KHanIEgRpISPE TOHCARS! PSRBT ed
Lor - 1ah tige Sopisdsitioner
5%%8%%%&78%% i ﬁ(ﬂ&aﬁ%r’tﬁ@ ﬁct%:jﬁ’%%ﬁdﬁ@n t s

er conponent o e conposition, to
modi fy the bioavailability or therapeutic effect, o£
the driig pesepiiunehtioAdunisedrondes amethad ferhraPRARHE AL Egan

refers to a, conpound which,isS ca . ' t he

5B B S B B DS TP LSy Sy ARET i

| AHBLHERbr Blid¥ RN ®Ishfofon@tactsrdiignotic presens mveimtorGoT

in-an animal, such as a human. Enhancerg i ncl ude glut

grevide pulséchort wohotal adedhigkriiefiaqalipys.ofdyntages of the

esters,. ether.s .and der.i vat | hiigd sk Sihventional

drrsseat inyertion pelpds e ?ﬁ eaéosﬁlﬁgﬂgﬁugg‘ffycregur fdc’jl%{ ant s

Srﬂﬁft‘i RSIRt RgE: fcbahesoiilearilphaipmiring the beeefitsidagved from a

et yPene oxide with a X . Nt
pulsatile plasma profile. This reduced dosing frequency is advantageous in terms
of patient compliance to have a formulation which may be administered at
reduced frequency. The reduction in dosage frequency made possible by
utilizing the present invention would contribute to reducing health care costs by

reducing the amount of time spent by health care workers on the administration

of drugs.

The active ingredient in each component may be the same or different.
For example, a composition in which the first component contains tacrolimus and
the second component comprises a second active ingredient may be desirable for
combination therapies. Indeed, two or more active ingredients may be
incorporated into the same component when the active ingredients are compatible
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fatty acid, a fatty al cohol, an al kyl phenol or a
sorbitan or glycerol fatty acid ester; cytochrone P450

WO ndvolosdoes s, P- gl ycoprotein inhibitors and t hePCT/KB82005/045540

and m xtures of two or nore of these agents. The
proportion of tacrolinus contained in each conponent
may be the sane or different depending on the desired
dosing reginme. The tacrolinmus is present in the first
conmponent and in the second conponent in any anount
sufficient to elicit a therapeutic response. The

B 4 dther. Whefugappipotadpesentity otxecqummment ofghe pemposition
t he f.orm of one substantlall tlcaII

wanhe peneaipapied by, or grypplecan %/@e gox&pX%t?cﬁ%rr%engtlzer
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OSIt ion 1n an-anmount of fromoO , preferably
bidatdilbitp unthenhetticoaffett aﬁhngwgmnpﬂunﬁus is
preferably present in the first conponent in an anount

or e o BH RHES B LR GRRBRERT SR S SR CoT s S

éaaébfé%ff&hanmﬁg hBabRrptidSaridfor Dicsaitbility dffas aswmagwémt
nponents in an anount within a sim_/lar_ ran to that

ug prmdiig rfed trangpertiacross ﬂ@&ﬂdﬁ@ﬁtammﬂeswchﬁé aMals e
racteri.s or .t | 0

ERERESL L R el DB S st ke oot

@ﬁ@ﬁ%ﬂtdeﬁﬂaﬂes @'%?ébfcmﬁmahgrglycelrndeé ardli tmiglywedddsy horicmnig

Fuativte wichies Ehise . St BIPPISS Y FFASTISE Fiy Bk SXide with a
|
u?ﬁ“-!l gfeigﬁ élcﬁg@ %Il {élgylﬁ)ﬂfno? BFR 9SbithiPBr gp@ér@r fatthi@cid ester;

ease coating 0O
@wobm@h&smsof inbibitbrsaP-gbabprogein snhbitee ad thpﬂlkmr@ aes
one nodified rel ease conponent is present, the
PEEVe PEMOFLPISASE 8B ng for each of these conponents

may be the sanme or different. Simlarly, when nodified
rel easg, rg Rbh bf AERURY cbRined e tch@ompbnent ningi el thel
t

rel ease IX material, release of the active _.
|sa@e@ddefmremiyp¢mhmnth@|dre@t¢dw)smgéeg:lms=r CAMAOLHBR ISt
of nodj f rel ease

Qﬁep‘; 1'@& ?gfsé gglgp%rbe rh({ mxthg?f{)cgflﬂ ?&érg Silent ﬁleﬂrl gaﬁttﬁmt

GAFRIARAS elidifa %Yap@ﬁ‘@dlfékpdﬂaat Ths tz&tn‘lﬁmmvelmn appligabdd, anay

the desired delay tinme for_each artl Iar conrRonen
be present either in the form of one substantially optlc y pure énarfiomer of as a

mixture, racemic or otherwise, of enantiomers. The tacrolimus is preferably
present in a composition in an amount of from 0.1-60 mg, preferably in the
amount of from 1-30 mg. Tacrolimus is preferably present in the first component
in an amount of from 0.5-60 mg; more preferably the tacrolimus is present in the
first component in an amount of from 2.5-30 mg. The tacrolimus is present in the
subsequent components in an amount within a similar range to that described for

the first component.

The time-release characteristics for the release of tacrolimus from each of
the components may be varied by modifying the composition of each component,
including modifying any of the excipients or coatings which may be present. In
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The nodified rel ease coating may be preset, in each
conponent, in any anount that is sufficient to yield

or delay time for the release of tacrolinus from each
component may al so be varied by nodifying the

conposi tion of each of the conponents, including

nodi fyi ng any exci pients and coati ngs which nay be
present. For exanple, the first conponent nay be an

i medi ate rel ease conponent wherein the tacrolinus is

pRliGanate fIkst 3ntacAllinyusimayelst @nalollediby changing the

admni stration. Aternatively he fi ) .
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conponents. Thus by variation of the conposition of
each goRPANERE of delay tdienfgr theeclaneioftacsoltmnsfromeagh t he

active i di ent [ [

somponerd Ao By Ed by ARG cpingpyi e b ishid the
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. es may b€ ‘superinposed to a degr ) '
vdedayet iemediptd iehmsé eongpanent) i_rr];pwhich the tacrolimlgls ﬁerelgagse -1

substantially immediately after a time delay. The second component may be, for

example, a time-delayed immediate release component as just described or,
alternatively, a time-delayed sustained release or extended release component in

which the tacrolimus is released in a controlled fashion over an extended period

of time.

As will be appreciated by those skilled in the art, the exact nature of the
plasma concentration curve will be influenced by the combination of all of these
factors just described. In particular, the lag time between the delivery (and thus
also the q.nset of action) of the tacrolimus in each component may be controlled

by varying the composition and coating (if present) of each of the components.
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| east one nodified rel ease conponent, the i medi ate
rel ease conponent conprising a first popul ati on of
tacrolinus-containing particles and the nodified

rel ease conponents conpri sing second and subsequent
popul ati ons of tacrolinus-containing particles. The
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ot | . h toristi \
SR SRER b GRS AT b
ie{E:.?e, fﬂte?.lfseﬁ £ 188 pRismAPRSHIE Mayte Wilbseparapuisint] icbearlyi defised
rise

a first peak in the ﬁl asna pro{)i le and th
woeakisf(e. gdwhen dadag tioapoleas: orghe Balses gy %Sla’e%%ﬁ“die Beéak

in th l.as rofil.e . iments of the invention
dEeLST r%gﬂﬂ‘%?ghetolﬁglrﬁ&gnlggynﬁgi fied rel ease conmponent
give rise to further peaks in the plasma profile. Such
a pl agne ppeferred embodintent thefmaltipadieulatbmhodigied :aleasn of a
singl e dosage_unit _is advantageouys when it. ]S
¢eBPPEBPR 2¢O HRE 1/ BF PIGERI BYCRGR RS %}%185318% felease

t %ﬁﬁa%éx{{‘dﬁ%w 09 Whe HRRIAMLASHIhY contlitnBits theakintdiand relesse
(cor nore) dosage units. Enteric Coati ng Any coati _n?
reetpohalt comiprkingadirst eputabion pé fasepdisnusfeonfranipg pariclemaad

in the desired be .used. ' .
FRECH S T S
t Q2 dr OB -E Saih e ARl QU TR sEcdidlantistbdeqertt enqatifigdmetease

coating naterials, such as cellul ose acetgte
plontp@hente mayebpries @ conitalled acleasersapdnga AddiHoRAlly,RF

pr.opyl. ‘net hyl cel l.ul @s j

eRaate, B o an A TE g dtPediglobie i RERS 2

t HRSRise AlntbdifslBreldabemEtbd@atbink TRogeagon, dminikgationdf such
RL, poly acrylic acid and poly. .aCBXI.at e. and

et ipayticatage @@gﬁiegﬁ@lpgsescgg]poggon ving, for example, a single
modified release component results in characteristic pulsatile plasma
concentration levels of the tacrolimus in which the immediate release component
of the composition gives rise to a first peak in the plasma profile and the modified
release component gives rise to a second peak in the plasma profile.
Embodiments of the invention comprising more than one modified release

component give rise to further peaks in the plasma profile.

Such a plasma profile produced from the administration of a single dosage
unit is advantageous when it is desirable to deliver two (or more) pulses of

tacrolimus without the need for administration of two (or more) dosage units.
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poly(hydroxyalkyl methacrylate) (m wt. about 5 k-5,000 k),
polyvinylpyrrolidone (m. wt. about 10 k-360 k), anionic and cationic hydrogels,
polyvinyl alcohol having a low acetate residual, a swellable mixture of agar and
carboxymethyl cellulose, copolymers of maleic anhydride and styrene, ethylene,
propylene or isobutylene, pectin (m. wt. about 30 k-300 k), polysaccharides such
as agar, acacia, karaya, tragacanth, algins and guar, polyacrylamides, Polyox
polyethylene oxides (m. wt. about 100 k-5,000 k), AquaKeep acrylate polymers,
diesters of polyglucan, crosslinked polyvinyl alcohol and poly N-vinyl-2-
pyrrolidone, sodium starch glucolate (e.g. Explotab®; Edward Mandell C. Ltd.);

hydrophilic polymers such as polysaccharides, methyl cellulose, sodium or
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Sul e nodified release matri x
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L%ltﬁer&?fﬁmﬁlliﬂeﬁlﬁteo Hihbd phEeses butydveiyl phthalates Hiistmobyliphéradate,
butyl octyl phthalate, dioctyl azelate, epoxidised tallate, triisoctyl trimellitate,
diethylhexyl phthalate, di-n-octyl phthalate, di-i-octyl phthalate, di-i-decyl
phthalate, di-n-undecyl phthalate, di-n-tridecyl phthalate, tri-2-ethylhexyl
trimellitate, di-2-ethylhexyl adipate, di-2-ethylhexyl sebacate, di-2-ethylhexyl

azelate, dibutyl sebacate.

When the modified release component comprises a modified release
matrix material, any suitable modified release matrix material or suitable
combination of modified release matrix materials may be used. Such materials

are known to those skilled in the art. The term "modified release matrix material"
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proportions. Another suitable dosage form is that of a multi-layer tablet. In this
instance the first component of the multiparticulate modified release composition
may be compressed into one layer, with the second component being
subsequently added as a second layer of the multi-layer tablet. The populations
of tacrolimus-containing particles making up the composition of the invention
may furthier be included in rapidly dissolving dosage forms such as an

effervescent dosage form or a fast-melt dosage form.
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the composition in operation is substantially, if not completely, delayed for a

period of at least about two hours after administration of the composition.

The release of the drug from the second component of the composition in
operatioﬁ is substantially, if not completely, delayed for a period of at least about

four hours, preferably about four hours, after administration of the composition.
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5,862,999 for "Method of Ginding Pharmaceuti cal
Subst ances;" U. S. Patent No. 5,665,331 for

Phar maceuti cal Agents with Crystal Gowh Mdifiers;"
U S. Patent No. 5,662,883 for "Co- Mcroprecipitation
of Nanoparticul ate Pharmaceutical Agents with Crystal
Gowmh Mdifiers;" U S Patent No. 5,560,932 for
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Reduce Aggregation,” all of which are specifically incorporated herein by

reference.

The resultant nanoparticulate tacrolimus compositions or dispersions can
be utilized in solid, semi-solid, or liquid dosage formulations, such as liquid
dispersions, gels, aerosols, ointments, creams, controlled release formulations,
fast melt formulations, lyophilized formulations, tablets, capsules, delayed
release formulations, extended release formulations, pulsatile release

formulations, mixed immediate release and controlled release formulations, efc.
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to about 8.0 during the size reduction process; nore
preferably within the range of from about 5.0 to about
The di BEBEUS1005045540
medi um used for the size reduction process is
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MEPOf 1'ui di zer (r) is called the Interaction Chanmber

The product to be treated is inducted into the punp,
and t Neffectios arthods bf pitvidipg merhagicahfaree e parisle size
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chfiyanhilpioploces timwses milling media, drug, stabilizer, and liquid. The
materials are placed in a milling vessel that is rotated at optimal speed such that
the media cascades and reduces the drug particle size by impaction. The media
used must have a high density as the energy for the particle reduction is provided

by gravity and the mass of the attrition media.

Media milling is a high energy milling process. Drug, stabilizer, and
liquid are placed in a reservoir and recirculated in a chamber containing media
and a rotating shaft/impeller. The rotating shaft agitates the media which subjects

the drug to impaction and sheer forces, thereby reducing the drug particle size.

Homogenization is a technique that does not use milling media. Drug,

stabilizer, and liquid (or drug and liquid with the stabilizer added after particle
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w0 paeaesobhe | nteracti on chanber,

forces of sheer, inpact, and cavitation which are
responsible for particle size reduction. Specifically,

product is split into two streans and accel erated to
extrenely high velocities. The forned jets are then
directed toward each other and collide in the
interaction zone. The resulting product has very fine
and uniformparticle or droplet size. The
M crofluidizer(r) also provides a heat exchanger to
s?%é x‘é%&fbﬂb EM3tifbke A Pﬁc@is%@‘é@ﬁl-préf;eﬂed Beid eproddss zaBie5wich in
, Ich”is specifically incorporated by reference
the Mics finidizerB isoedled thesintrgaciion(hesbeti HasRrpgyst to ffﬁ%}e%
particle size reductipn t hod ' i of
Bandustaiod FErhBa ety as TPEpRAkE R B8
%&Bﬁgﬁi&?@' %ﬁr&bseaiﬁ bRSf tBEERSOheste phap ialitlud wABO0 nm

e enteric coated formulation, and | ess than
?baua, 50 Qrinting valve kecloseil@od gie moduss isolorged ghrough the
ormul ation, Tagrolinus c be (ETN
P HARhP T e BB G Py P chfiny oL powertul
fz{rggyj (?g-shé@ﬂ,‘%n{gal?t? &M £Aita@6n Ghichhee feapomibilets partidhgze
I'qui d nedi um can \(aré@f_rom about 5 to about 60?{ ?ndt'
prdetdom b pecifically, dnsidobatintemction ehgrier-ShoPefiIze Braguct is
re preferably apout Y isdrfac®rmed
setuoriesertedn! vE R Heald B Afignbyi ydbauR TR R
?é:ggg[g théh diRRtedrvgard caple bthicomd alllidainribe péeredtisingong.z dhe
e

duction. The concentr at i,(tgn of t,@e syrf %e. st ?él i zer
casnltingrpyoduch hasaysay fing and PRIIBORAMISH OF Hﬁ’ﬁge B¥ET erabl y
is. from.abeut 0.5 .t0 9 f8hé&product.
Nisripvar Bpdanit g e g RS R b e
Res Usfehidid, 8310) 18y whichjiegietifigally ircorpoetérhiby tétronsarrfers
to reduce the average tagrolinus particle size in the

do s percssowsingn Mieroflpidiger about 600 nm It is preferred
that the prem x be used directly when a ball mll is

used for. attri.tjon, r nat i 3 i inals i
aast Gries Shpy e Sy FRIHEL e JARICF R BRI i
| b @iited _t@ﬁféidémw_sa}rrafeﬁuw atiregeagirticie sion, sueh g lessthap abay
type mxer, until a honobgeneous dispersion .i
izo%ﬁmmfprﬁmr@erm wairg fpgg'gléﬂ% QP% #@? ﬁ?&éi‘g%‘r‘ts"ﬁ’é’ﬁlg‘??%\{ﬁg
Eﬂ%@@@ﬁ%ﬂgmw Hm{u?ati%?f erred that the prem x be

Tacrolimus can be added to a liquid medium in which it is essentially
insoluble to form a premix. The concentration of the tacrolimus in the liquid
medium can vary from about 5 to about 60%, and preferably is from about 15 to
about 50% (w/v), and more preferably about 20 to about 40%. The surface
stabilizer can be present in the premix or it can be added to the drug dispersion
following particle size reduction. The concentration of the surface stabilizer can
vary from about 0.1 to about 50%, and preferably is from about 0.5 to about 20%,
and more preferably from about 1 to about 10%, by weight.

The premix can be used directly by subjecting it to mechanical means to

reduce the average tacrolimus particle size in the dispersion to less than about
53
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to such a premlling dispersion step when a
recirculating nmedia mll is used for attrition. The

wore@haeiocal neans applied to reduce the tacrol POTIES2005/045540

particle size conveniently can take the formof a

di spersion mll. Suitable dispersion mlls include a
ball mll, an attritor mll, a vibratory mll, and
media mlls such as a sand mill and a bead mll. A
media mll is preferred due to the relatively shorter

mlling time required to provide the desired reduction
600 @ 1tiis prfatatethatiibe preadx he wdd diregily when appel meifitis used

UL N MR R L R T S
cgg]geg{e%'}h l%é ltiguﬂg B{e\iitﬁﬁ udile sfBH apitaiomleaf &f @bwlesfryem

' out 100 centi poi se. Such ranges tend
m@ce@ftﬁ?ﬂ d hamogpdonm lisherbian deoliservsd dm whiahi therg gre no large
particle si reguctj on and, .redi ' ' .
Sastomiresn i V0 Tk duly e L RLAG o pe plpred
B Bﬁs?erﬂﬁ‘ﬁﬁ% &ib{[%éi‘iioﬂﬁt@b e alrediRARSing ebdpr milkssised for
conditions selected. For ball mlls, processing tinmes

afritim.t o five days or |onger may be required.
Al ternatively, processing tines of |ess than 1 day

(resigdence tine f ]

o poBerpeuil pRepS LR B BuiPuk KRG OUEEY,

géé@nvgg@ﬁ?y 'chmﬁe nﬁr%m lo€ s dispstsidnenille firdteblei dispstsien @illsa
rature_whic i gni f.i

inbKisia tlomil by GBS 6F A1 B s A R EMR St dur

g%rgdlt rgilgﬁ‘ﬁfehﬁ&ﬁ%iﬂb Wi ed A A8 pRutchdPduel ty 11 Ritivelsthottér

red, € processing equi phent can be cooled with .
afiingrimeregbiredtl progide the dewized redaeinny ipipagiclg sige. For media

t enper at , e.49., ] I '

s newaisai gsi el gt et PSRy Byt 100%
985‘&?1%gb YentiddEseMBidRE bl ndilliag ity ipatennvissositg f e ramiyis
carried out ‘under conditions of anbient tenperatur
ancfeablyr bomsbowugl wr essboneE)0mentipoiat eSuchranges dend 1o afford

effecti for the mlkLi.n 1 '
gpeetimal Belae R s PPy B RIERy rAIRind b RREERSRA.
and vibratory mlls. Ginding Mdia

The attrition time can vary widely and depends primarily upon the

particuIar mechanical means and processing conditions selected. For ball mills,
processing times of up to five days or longer may be required. Alternatively,
processing times of less than 1 day (residence times of one minute up to several

hours) are possible with the use of a high shear media mill.

The tacrolimus particles must be reduced in size at a temperature which
does not significantly degrade tacrolimus. Processing temperatures of less than
about 30 to less than about 40°C are ordinarily preferred. If desired, the
processing equipment can be cooled with conventional cooling equipment.
Control of the temperature, e.g., by jacketing or immersion of the milling
chamber in ice water, is contemplated. Generally, the method of the invention is

conveniently carried out under conditions of ambient temperature and at
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The grinding nedia can conprise particles that are
preferably substantially spherical in shape, e.g.,

wheadseoo6dnsi sting essentially of polyneric reBCTUS2005/045540

Alternatively, the grinding nedia can conprise a core
having a coating of a polyneric resin adhered thereon.
In general, suitable polyneric resins are chemcally
and physically inert, substantially free of netals,
sol vent, and nononers, and of sufficient hardness and
friability to enable themto avoid being chipped or
praceivi phassung vaticinaiersgfe dadieffabliee foothemeilling pesesss
incl.ude crosslinked polystyre suych, as pal ystyrene
RS TS5 b PYPSETeS 15 o) GhEal whly Agios STl <.
R veAr hanat es; pol yacetals, such as Delrin(r)(E I. du
Pont de Nermours and Co.); vinyl chloride polyners and
copol ynmers; pol yuret hanes; pol yam des;

pol y( t@inding Wedwet hyl enes), e.g., Teflon(r)(E. |. du
Pont de Nemours and Co.), and other fl uoropol yners;

hi gh %@%&Bﬁm@%é@é Q%L@cgl iseﬁ)?h?éPerSQHéfla%]@t%grﬁﬁw ul ose

ethers™a stters su ce ose acet

Robsydnridil o xpieichibiarsibpd, e.g., behdshyelsisxiyig ebnghtialiy of pad yneric
and silicone-containing polynmers such as gol.siloxanes
aondn-t flicmatieely, the eptipaaiediaan sRMPFiste §PIgdgling a coating of

' pol ynmers i ncl ude
E§$£¥+§%¥F%gsqsgggﬁﬁ%%ﬁycolide) copol ynmers of |actides

and gl ycolide, polyanhydrides, poly(hydroxyethyl )
met hady lgenedl, syblg palymericwsine avet dhsinically and physically inert,

N- | h ' t I it
SRR Srer re e P aplyeRE ARG et Dt taness
GAR P So cRABLY (R0t ORSIEPSg cHippad( ¢t Tpishe@ eRE sinding.
and go!y phosphazenes). For blode?radable pol yners,

bmesie resipsinchide eeasslinked pelyptyaeneantugh adnelystyreas

SRR Tk g P R BTl PRBERRADNG:

81’0%’1@&’(6@, R H a8 DRI EAD by Pos@aSerhurs hidd Conpuingbehidride
.01 to about 3 mm For fine grinding, the grinding

rmoliinaers engeariodymaersypdlywathapsupolyamesio about 2 nm and
T ek Qe o e o e £ 3
t Rhe3 IREFopdlyIn s, HBh density polyethylenes; polypropylenes; cellulose
ethers an;i esters such as cellulose acetate; polyhydroxymethacrylate;
polyhydroxyethyl acrylate; and silicone-containing polymers such as
polysiloxanes and the like. The polymer can be biodegradable. Exemplary
biodegradable polymers include poly(lactides), poly(glycolide) copolymers of
lactides and glycolide, polyanhydrides, poly(hydroxyethyl methacylate),
poly(imiho carbonates), poly(N-acylhydroxyproline)esters, poly(N-palmitoyl
hydroxyproline) esters, ethylene-vinyl acetate copolymers, poly(orthoesters),
poly(caprolactones), and poly(phosphazenes). For biodegradable polymers,
contamination from the media itself advantageously can metabolize ir vivo into

biologically acceptable products that can be eliminated from the body.
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In a preferred grinding process the particles are nmade
conti nuously. Such a nethod conprises continuously

WO 0606063 Nng tacrolinus into a mlling chanberPCT/US2005/045540

contacting the tacrolinmus with grinding nmedia while in
t he chanber to reduce the tacrolinus particle size,
and continuously renoving the nanoparticul ate
tacrolimus fromthe mlling chanber. The grinding
nmedia is separated fromthe m |l ed nanoparticul ate
tacrolinmus using conventional separation techniques,
in a sBegmding pediz pederablyhamges ysizé frpimeaboirt 0.0até abut 3

i evi hr Qugh hfil . t i ke.
B FOLBRAPIRT DR e Bt Ears e mr BB o Ay thtorpet
3l mf, hed AR M¥RFabIPHESH AtuP00d4s ibd@NUhRGhY7ENY

Devel opnment ‘of injectable conpositions requires the
production of a sterile product. The manufacturing 3
pr ocesiegolymesiquesin ear havaadensin flom ahowt 0 rto mbouty3oh gam’.
known manufacturing processes for sterile suspensions.

A typiygal ' ' ' .
11 owp g errTeid binfHE RRREIIH PRSI AIRERRS. Such
Gangthod domprides Rautinuouigly Shizelueguadrobmuy/irad a millingndamber,
(Lyophi i zation) and/or, (Term pal Sterilizatjon)As
icRBtactn e W?lﬁauwttfl graflingmsdia While, 4y the chamba © syjyge the
i 9
S e R
staolimiy foinghe nidingekampére, nedi a conditioning is not
required for a mlling nmethod that does not use nedia.
If tergminal .steril.ization i,s. not feasible due
chern cole Emdmsr o B RRRIeH rdlp e Bafppiiontete
RER6IRBES BdnE BshvRAtisae SepafatiolyRédhatmedfin 3 8RINABRR prbébss such
human therapy, it is inportant to provide a tacrolinus
&6 b3 ginple filiratiegy sieving through a mesh filter or screen, and the like.

Other separation techniques such as centrifugation may also be employed.
Sterile Product Manufacturing

Development of injectable compositions requires the production of a
sterile product. The manufacturing process of the present invention is similar to
typical known manufacturing processes for sterile suspensions. A typical sterile

suspension manufacturing process flowchart is as follows:

(Media Conditioning)
A
Compounding
\A
Particle Size Reduction
V)

Vial Filling
\

(Lyophilization) and/or (Terminal Sterilization)
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delivers the required therapeutic anmount of the drug
in vivo, and that renders the drug bioavailable in a

W@ omseb3 manner. Thus, anot her aspect of the PCEESIWS/045540

i nvention provides a nethod of treating a manmmal

i ncluding a human, using a nanoparticul ate tacrolinus
formul ati on of the invention for the prophyl axis of
organ rejection, and specifically in patients
receiving allogenic liver or kidney transplants. Such
nmet hods conprise the step of adm nistering to a

subj edts iadichted bp ¢het opthhlystgfsfie ptrenthesmspionie affthaprocessing
napnoparticul ate tacrol i nus fornul atjion of the esent
I RRRBAH SDpihthe et Berh cmarinte Size FADRIRTHYrmeihbd 67
SRENQht IR F dr Rk AHPIRL e lcSnd@RohiBl %’ﬁcﬁ%cﬁlh“eﬁ o LIRS -
I n anot her enbodi nent, the nanoparticul ate tacrolinus
fowatimad thai does ingt wae negdisr if ¢erovuel stgribizationfis natifeasiblgrdue Gne
of ordin Kid ol reciate that effectjve

S TiEL ARk PSS g BE e BlrBe ol srBredbdr foa 1y
and can be enployed in pure formor, where such forns
@xi st Methodbof Te&kmiehcal | y acceptable salt, ester, or

prodrug form Actual dosage |levels of tacrolinmus in

the enteric-coated, conpositions of the invention
be varP&Hmap By i 1L AORATEOLE BPVidsa tarelpnys desage fra that

Fe1; 068 bR & Pt ot D BRARAUHOC al PRRORARe:S e
a parti.cular conpoSition and nmethod of adm nistration.
Tne biehwilabld id asagsantevainet. HElusf arothal epmetst thp presette
desi r.ed therapeut 'hc effect, ther oPt e ocﬁ .
ARNFHPR PrYiq s methed plreatiof agrarpmal Miidipg ¢ Bpago. using 2
ARG ElSe tdRQRESIoFRMadbN 8F 1h8 Tnwhtibh ERtRRPploph AR of
ot her factors.Dosage unit conpositions may cohtain
Lugrn raimtjm,@ndfsp@tgwllsdubmﬁmlitqﬂee@’vimgaﬂegﬁnigkivm kiglney

sed .tg ke up.the dail ose. jt.will be under.stood,
EReas " Bhch P Bietssin st ST e o deplibisrpE g SRR
RRdrhpcuiically S@ddiQ bmolht of deRasshrifite Facydlirhed for@ililation of
factors: the type and degree of the cellular or,
(shey Bliesdns diveation. g sebodimrnt.4he penapgrticalats PRIOJingE t he

145 C ng. e yed. & specific

A R R e T RS
ganesaticigs tddiolimexforranition &tanatdrivecopttiiogal tforntlatid. me
of administration, route of adm nistration, and rate
of excretion_of the the duration of th

[ agent ; e
tr eat it Of AiHgY Seilbatl priesigie Al e Bpcte amounts of a

tacrolimus can be determined empirically and can be employed in pure form or,

where such forms exist, in pharmaceutically acceptable salt, ester, or prodrug
form. Actual dosage levels of tacrolimus in the enteric-coated compositions of
the invention may be varied to obtain an amount of tacrolimus that is effective to
obtain a desired therapeutic response for a particular composition and method of
administration. The selected dosage level therefore depends upon the desired
therapeuﬁc effect, the route of administration, the potency of the administered

tacrolimus, the desired duration of treatment, and other factors.
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coincidental with the specific agent; and |ike factors
well known in the nedical arts. The foll ow ng exanpl es

wae@oqsenen to illustrate the present inventi onPCT/NAIS2005/045540

shoul d be understood, however, that the spirit and
scope of the invention is not to be l[imted to the
specific conditions or details described in these
exanpl es but should only be limted by the scope of
the clains that follow. Al references identified
herein, including U S. patents, are hereby expressly

I ncor pRi@teathityonigistioan aRy chhtain sach amiongts (1 am:H mbrmultqﬂes
iven to illustrate the esent | n\éent uI d

risi ae Pgy scisehinmaler b e daily Aeses i Will bei eg%
hBGe VAL the Qpéa:?ft' 108856 UeP for abgggﬁféu{ag IGJM@I’E W ﬁbﬁéng upon a

condi tions or al['s descri in se exanples
shidetl of frekors:behel typd areidiegyeetdichescdiptar of phjiseologlaalrmsnomt to

I1.q fer dentified h
bR aoimpiadh Ret et ot aecisl a8 e SEmpOstich Piplopuitfy fkeiic
%gérﬁg FSAMBLER 5@ Rl .gd, BUAg v&&ﬂgmogéneﬂﬂ h&:iltlﬁ sex, and

anpl e was tO prepare a nanopartlcu a tacrolinus
ﬂmt ofithatriatient; ﬁxegun@oﬂacmhomgatm, rqyie ofddmiaiptrapen. o see of

X [
R tut Btk et bR Brtn ol Mtpl e T8 ieffpgigacion o
lebfﬁbdeﬁ@mﬁtﬁeﬁe égaebﬂﬁc ﬁtwérvw lilgofaytsiswtIpkhicwh irdibe enedical
(PVP) K29/32 and O Obe(m/mb di octyl sul fosucci nate

@eSS), was milled in a 10 ml chanber of a NanoM I (r)
0.01 (NanoM Il Systens, King of Prussia, PA, see e.g.,
U S. Patent No. 6,43 1,478),x al ong wi tsh 500 m cron

PolyM 11l (r) attrition nmedia (Dow Chem cal) (89% nedi a
| oad). The m xture was mlled at a speed of 2500 rpns
for 6heifollvemg eEallnbtmlaregglmﬂ toi 1ngtratd1’rée pegsentdhreengione It

%Loulg %e rlrllnldel:r(set%o a}?o%\(r)elvler alaers'i)int and seot scope of the invention is not to
be limited to the specific conditions or details described in these examples but
should only be limited by the scope of the claims that follow. All references
identified herein, including U.S. patents, are hereby expressly incorporated by

reference.

The following examples are given to illustrate the present invention. It
should be understood, however, that the spirit and scope of the invention is not to
be limited to the specific conditions or details described in these examples but
should only be limited by the scope of the claims that follow. All references
identified herein, including U.S. patents, are hereby expressly incorporated by

reference.
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measured, in deionized distilled water, using a Horiba
LA 910 particle size analyzer. The initial nmean mll ed

WO ao60bdosis particle size was 192 nm with a DBOT/0E2007745540

nmand a D90 of 278 nm Figure 2 shows a |ight
m crograph using phase optics at 100X of the mlled
tacrolinmus. In a second neasurenent in distilled water
following 1 week of refrigeration at <15C, the mean
tacrolinus particle size was 245 nm wth a D50 of 219
nmand a D90 of 374 nm Figure 3 shows a |ight
m crograph using phase GXAMPIRS 100X of the mlled
tacrolinmus foll ow ng one week of refrigeration. The
rgsulis denonstrate the successful preparation of a
anoparticulate tacrolinmus fornulation, as the
nmean particle size obtained was 192 nm and m ni nal

parti gihg g.h%@e of O dkavidle RRSQ Preshré @ mhAyWaRikulate tacrolimus

st or age. 2 The purpose of this exanple was to
;f@@pd@t@na Fnaure ﬂa?ihPWé allighemiciegraph wiBg Phaseopties & 00Xpf
ueou ersion of 10% (ww tacrolinus (Cam da
B oA t h 2% PvP K12 and 0. 150 sodi am
deoxychol ate, was mlled in a 10 m chanber of a
NanoMAxd {queofs ﬂipe(ri\lam oM 0% (sw; Romw]iniis(GamidaHrLe) | a

PA: t ent 4 |

sOmbiRce GHT %Kyfm qu%lggkpwrp lii%’ﬁ (ﬁ@’o @éﬁ@ﬂ%ﬂg eé’fv W)

%%g?lgﬁﬁdsﬁ?élﬁ’ﬁgg OI8P wfiks KLHELIPR) B bhithed of 2 N mgﬁﬁl@f
m Aut es. ovvlngm I ng, the

el it (Nalnel\/hll Bgstefns Rmgrif IPmuamat BAI; sdei mgisUpa Paicot Ne. was

G bbb S8 BEGmAPS by Tl Pgy Trdhia
{80 QhddH RoaBRT TH h Bt SrleZas iRiTled 2 §Fkd Mm@pﬁmopéo 303

nm and a D90 of 466 nm Figure 4 shows a
mhigntsgr aph usi ng phase optics at 100X of the m 'l ed
tacrolinmus. The results denonstrate the successful

R R S T S Tt
measured, in deionized distilled water, using a Horiba LA 910 partlcle size
analyzer. The initial mean milled tacrolimus particle size was 192 nm, with a
D50 of 177 nm and a D90 of 278 nm. Figure 2 shows a light micrograph using
phase optics at 100X of the milled tacrolimus. In a second measurement in
distilled water following 1 week of refrigeration at <15°C, the mean tacrolimus
particle size was 245 nm, with a D50 of 219 nm and a D90 of 374 nm. Figure 3
shows a light micrograph using phase optics at 100X of the milled tacrolimus

following one week of refrigeration.

The results demonstrate the successful preparation of a stable
nanoparticulate tacrolimus formulation, as the mean particle size obtained was

192 nm, and minimal particle size growth was observed following storage.
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329 nm Exanple 3 The purpose of this exanple was to
prepare a nanoparticulate tacrolinus fornulation. An

waoueoa®6dli sper sion of 20% (W w) tacrolinus (Caom/us2005/045540

LLC), conmbined with 3% (ww Pluronic(r) S630 and
0.05% (ww) DOSS, was mlled in a 10 m chanber of a
NanoM |1 (r) 0.01 (NanoM || Systens, King of Prussia,
PA; see e.g., U S Patent No. 6,431,478), along with
500 micron PolyMII(r) attrition media (Dow Cheni cal)
(89% nedia load). The m xture was mlled at a speed

®xAniifle 2pns for 60 m nutes. A light mcrograph using
phase optics at 100X of the mlled tacrolinus is shown
in Figyre 5. Fol.lowing mlling, the particle.size qf
the m eQuTHOsE Ob I TRt Wt odirenas » Ranepfisglale fpcrolimus
¢sinNhfgd distilled water, using a Horiba LA 910 ~
particle size anal yzer. The initial mean mlled

tacrolinmus particle size was 171 nm wth a D50 of 163
nm and\maqugouspdispagapof l@%a(Wé\é):tan@hm:(Ga@rﬁ@thCh

stilled eratiQ

SRR PVE Rg R0 5 R B SO REE A o 10
\mlt&haﬁlb@ﬁ 0f @ Nah801i N a0Id(NanBeA1l (Sfyst&?lg Kiflg APriigha) PA; see
m cra raph usi hase optics at 100X of the mll ed
eer BIS Ratsnt e, %ﬂép Indy O ridongwith 3P0 srigron oMM attrition
SRS LR DR LIS Bl S BEHL] g ocd of
12300 ppns farulSatmeintitesr ol i mus fornul ati on, as the nean
particle size obtai ned was 171 nm and m ni nal

parti si.ze observed f st or age.
B e iRt P RC RS o Hirpfle O b paupeRs vas
Qﬁéb@ﬁ’&ﬁt 1'nQiéicﬁlﬁz°edthi‘§iﬂl‘éH‘w?£%’e? ﬁs‘?ﬁgWH%thEA 9’1’0 S YiZe

di spersion of 10% (W w) tacroli mus (Cam da LLQ),
caoalbrzcrre o’lF heiméan2silled/tagrolinyel paxiigle sigg wWoe BRI s @w@HFlQﬁ &pf
&) nm an éﬂﬁbof 466 nm. Figure 4 shows a light micrograph using phase

optics at 100X of the milled tacrolimus.

The results demonstrate the successful preparation of a stable
nanoparticulate tacrolimus formulation, as the mean particle size obtained was

329 nm.

Example 3

The purpose of this example was to prepare a nanoparticulate tacrolimus

formulation.

An aqueous dispersion of 20% (w/w) tacrolimus (Camida LLC),
combined with 3% (w/w) Pluronic® S630 and 0.05% (w/w) DOSS, was milled in
a 10 m! chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA;
see e.g., U.S. Patent No. 6,431,478), along with 500 micron PolyMill® attrition
media (Dow Chemical) (89% media load). The mixture was milled at a speed of
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DOSS, was mlled in a 10 m chanber of a NanoM I (r)
0.01 (NanoM I | Systens, King of Prussia, PA, see e.g.,

wo@s/oe@bent No. 6,431,478), along with 500 m BP€DOS2005/045540

PolyM 11l (r) attrition nmedia (Dow Chem cal) (89% nedi a

| oad). The m xture was mlled at a speed of 2500 rpns
for 150 m nutes. A light mcrograph using phase optics
at 100X of the mlled tacrolinmus is shown in Figure 7.
Followng mlling, the particle size of the mlled
tacrolinmus particles was neasured, in deionized

d560 iinhEfbr 60 ntihutesiS ANEhamidao laph Ang phaspamticeate 00X of the
si zeanal yzer. The nmean mlled tacrolinus particle size
mﬂe@@grq%muwﬂpvwmébg@fs 5328 nm and a D90 of 614 nm
The results denonstrate the successful preparation of

a sta 1 ' : j :
s eRRoRRIAAR L Akt 3oL ISR B e
Tieasyrad,[io sleionizet] Idissilled svafercisivess Horipas BAL1O marticle size

nanopartj cul.ate tacrq]inus fornmul ation. An eous
anays 156 T s i i PR g it gt LA With a

EIBRINSd nth hikh 4 9900 WP 04 CinSh sRBAd thedaiterhvitid dEBS water
was mlled in a 10 mM chanber of aNanoM |l (r) 0.01

olowoing 1| weksifeefisigetdtiog abf 1 2, s imgan gggroléimus partjcle sige yas

P t : 3 8), al i 500 , i .

i3gt v D3l £ 180 By anBatso S ainte e WRemsrmphgrine

Lp‘ﬂ@@ o&ti-&f' &t 100X b t@e WEBedHabloBithud foltoveipg @te Meelb bDGoraRET
or m nutes. A light mcrograph using phase optics

anderaefigstationds phawieid Rigeeét i mus is shown in Figure 8.
Following mlling, the particle size of the mlled

L acr oIS AR LhEhER AR IERNIE AT dSIRON AR

. &
di stil water, using a° 10 particle size
anabdpazitulatd eerolivhts fokmoiption, ras theadedraparotle sizs optuinadcvas

size was 169. nm with.a D50 _of 160 nm a DO0 of 225
78 S 33 TUEiSH PSS R e ST SR AP g R orsge.
followi ng 12 days of refrigeration at <15C, the nean
BGhlgus particle size was

The purpose of this example was to prepare a nanoparticulate tacrolimus

formulation.

An aqueous dispersion of 10% (w/w) tacrolimus (Camida LLC),
combined with 2% (w/w) hydroxypropylcellulose (HPC-SL) and 0.1% (w/w)
DOSS, was milled in a 10 m] chamber of a NanoMill® 0.01 (NanoMill Systems,
King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500 micron
PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was
milled at a speed of 2500 rpms for 150 minutes. A light micrograph using phase

optics at 100X of the milled tacrolimus is shown in Figure 7.

Following milling, the particle size of the milled tacrolimus particles was

measured, in deionized distilled water, using a Horiba LA 910 particle size
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155 nm with a D50 of 138 nmand a D90 of 216 nm A
i ght m crograph using phase optics at 100X of the

wordobmebobmcr ol i mus fol l owi ng twel ve days of stPCHYS2005/045540

under refrigeration is shown in Figure 9. The results
denonstrate the successful preparation of a stable
nanoparticul ate tacrolinus fornulation, as the nean
particle size obtained was 169 nm and m ni mal change
in particle size was observed foll ow ng

storage. Exanpl e 6 The purpose of this exanple was to
pnglpzere The medao paitled tactcﬂhszt;ﬁctmé simeisva$ B8 Pminatvithra DFhof

eous di 5% (w w) tacrolinus (Cam da
%% %‘@@oﬁﬁ@&fﬁﬁml%(wm HPC-SL and 0. 1% (w/ w)
SOdI um deoxychol ate, was mlled in a 10 ml chanber of

aNanoMrelrédults geﬁénitfﬂ@é‘fh@‘shéce@fﬁtﬁg&araﬂgm Oftatffe Ussi a,

PA; see e.g., U S. Patent . along with
BeQops tioudate mrqlmms formulation, jas mkmmmwaéitu(lmme chiriedavas
(323% media |l oad). The m xture was mlled at a speed of
prrB for 75 mnutes. A light m crograph using
phase optics at 100X of the mlled tacrolinus is shown

iBxamjlese 10. Following milling, the particle size of

the mlled tacrolinus particles was neasured, in

delonligd distilled vvat? using a Horiba LA 9

par t | cibe FYFBAse 2k PRmplerias forepate aﬁﬁ%walrﬁlwlaéa facrolimus

ingﬁlﬁLlﬁdHJS particle size was 1,780 run, with a D50 of
nm and a D90 of 6, 665nm I'n a second measur enent

in distilled water follow ng 12 days of refrigeration

at < 150guephedispasion af f¥ (Wiw tagrnlmius| (Eamiideel g} combined

ot BV HRES G e SiasdP B RO B il TER 21 cgmber

| P RbMil® 01 treﬁmmwsalstemgsm Pk, PVE sveee. daY5sS Of
storag}g under refrigeration Is own in Figure 1i. The

rRatent No. 043bAZR) aloag (it ﬁﬂ@gu@tcésliﬁlmMﬂé@@ﬁ 190 mpdiagfDoay
séh%glxi%}lg@?/?%%ﬁaﬁg%c@t $nb %ﬁ)r(t%k Vﬁssmllg?rd@f la%éée?irbf 330 rpms

SI gni Sl ze at1 on

vier 90 piaresy et liph hiveogigpt mlhg/pha@aypn@fat SOOJX@@dle milled
Mor eover, the

tacrolimus 1s shown in Figure 8.

Following milling, the particle size of the milled tacrolimus particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size
analyzer. The initial mean milled tacrolimus particle size was 169 nm, with a
D50 of 160 nm and a D90 of 225 nm. In a second measurement in distilled water
following 12 days of refrigeration at <15°C, the mean tacrolimus particle size was
155 nm, with a D50 of 138 nm and a D90 of 216 nm. A light micrograph using
phase optics at 100X of the milled tacrolimus following twelve days of storage

under refrigeration is shown in Figure 9.

The results demonstrate the successful preparation of a stable
nanoparticulate tacrolimus formulation, as the mean particle size obtained was

169 nm, and minimal change in particle size was observed following storage.
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l'ight m crograph using phase optics at 100X foll ow ng
mlling al so shows the presence of |arge, possible

wO movaiobdoexl” crystal s. Exanple 7 The purpose of P€hiS2005/045540

exanpl e was to prepare a nanoparticul ate tacrolinus
formul ati on. An agueous di spersion of 10% (w w)
tacrolinus (Cam da LLC) conbined with 2% (w w)

hydr oxypr opyl net hyl cel | ul ose (HPMC) and 0. 05% (w w)
DOSS, was mlled in a 10 m chanber of a NanoM | (r)
0.01 (NanoM |1 Systems, King of Prussia, PA; see e.g.,
ExSmpglatent No. 6, 431,478), along wth 500 m cron
PolyMI1(r) attrition nedia (Dow Chem cal) (89% nedi a
| oad) ...,The m xture was nilled at a speed of 00 rpns
For - brEGRass of ks PRI s Gytaptic ASpReptcidad Gdiies
FhrmhiPdof the mlled tacrolinmus is shown in Figure
12. Following mlling, the particle size of the mlled
tacrolinmus particles was nmeasured, in deionized

di sti lArequsaredispaispm gl A%Hov'whtacrolingisd Camyda kL) spmbined

AT BB b IR Tp iR it Sl i
llonm cHambar SﬁNﬁﬁoMﬁm 010d rahoMill Sy siérhs, [Keidg Wi PAalssia, PA;
foIIowiqlg refrigeratign_at <15C_ the nean

{82 B Bb quss%niN% |6é13é14€§> g ith ﬂ?ﬁ migrePalyM5H®itrios
; h
AR R X8RS M R0 R UG BRI G

ViSOR rrhs SirdiSagmutend Arhgl&frrribx@gra@hlusmglymamms anl FXgof the
he results denmpnstrate the successful preparation

13,
d?ﬂ]ﬁléat"é@fnéusrféﬁ}&?)‘%?ﬂq P4t'e t acrol i nus fornul ation, as

the nean particle size obtained was 215 nm and

M ni mego] Bikd ﬁmﬁn%Itﬁ@p%@ws&e\/@%&aﬂm@ﬁoﬁﬁhb PYHiORs was
storage. Exa purpose of this exanple was to

pregsated, ia @mmwdrdlst&l@ﬂ atagert vinot Hetiba Loy M0 partiea sizan
La%efyo ﬁafo}g‘%‘laﬂn‘@@n m1lledot 8rgiN {rlwg pgr?igfe%llzlewg's fwe\mth a

D50 of 220 nm and a D90 of 6,665nm. In a second measurement in distilled
water following 12 days of refrigeration at <15°C, the mean tacrolimus particle
size was 65,100 nm, with a D50 of 31,252 nm and a D90 of 175,813 nm. A light
micrograph using phase optics at 100X of the milled tacrolimus following twelve

days of storage under refrigeration is shown in Figure 11.

The results demonstrate the unsuccessful preparation of a stable
nanoparticulate tacrolimus formulation, as significant particle size growth and
agglomeration were observed following twelve days of storage. Moreover, the
light micrograph using phase optics at 100X following milling also shows the

presence of large, possible “unmilled” crystals.

Example 7

The purpose of this example was to prepare a nanoparticulate tacrolimus

formulation.

63



10

15

20

25

(wWw Pluronic(r) F108 was mlled in a 10 ml chanber
of aNanoM |1 (r) 0.01 (NanoM || Systens, King of

wWOeMsH6@63 PA; see e.g., U S. Patent No. 6, 431, BZBYS2005/045540

along with 500 micron PolyMII(r) attrition nmedia (Dow
Chemcal) (89% nedia |load). The m xture was mlled at

a speed of 2500 rpns for 60 mnutes. A lightm crograph
usi ng phase optics at 100X of the mlled tacrolimnus is
shown in Figure 14. Followng mlling, the particle
size of the mlled tacrolinus particles was neasured,

i n dei fbmammdusjdispérkibn of We(w/wpmbm@mmﬁ(l@ainb@ LIACPddinbined

A of Gud) RaBrari et b oyl and Olpspsbvioy DS,

R{rﬁs%ﬁﬂileé P90 ed1 cﬁéﬁb&rﬁf a'Narfi‘;l\&ﬁ@j@ @1 (RARMVE B entd) ng of

distilled water foll ow ng week refrigerdtion a
Lrawia, Phe seeas. UaS;rP@tqntrI}b (a,éBt 4E$)eabngmﬂwﬁ§)033@rm

Aetliogaln ot Tod il (s ehiadand Heiigge was

nfitle@hi atysecti oF RSOV HpensBLE0RRKILES, 4 lighB@frédi8sH using phase
refrigeration is shown in Figure 15. The results

edHehal 109Xeofithe milipdlagretimus fy shoamndn Figwred2.a st abl e

nanoparticul ate tacrolinus formulation, as the mean

par ti giio%li m‘ﬁﬁﬁ%\"tﬁ@gﬁs R sf er70\t; 2%9 rpgﬁa tggrgfnrﬂﬁ% 8&}%1&1@ was

particle SI oW n
Euemmied 2] dEimnwdrckmﬂled Watdrhmﬁn@a( Hiopibe LWl Ot phrﬁcrle piace a

art ulat tacr ormul atj on. An ueous
glefg? 1611t1a 1@3‘%‘{%} twefnaw Hﬂ%“’{@ i @m Wt 295

I r
10y MO TS 6, v

Fallowiag lewegk ofefBigersiveat <NSC, '61,64@@114§<89>11ma$ particlei sizle was

m cr. y ) w.Chem
2R nThatitie DoAY 204 bl spieopd ofebis T Adembihicrogtiol G-
:fo';‘a@gb dﬂm af PO0S66Y th AUNEStacdlikii8 %nmg QAE 3Bk B kBhge
phase optics at 100X of the mlled tacrolinus is shown
iundey rgitgerat®n is shown in Figure 13.
The results demonstrate the successful preparation of a stable

nanoparticulate tacrolimus formulation, as the mean particle size obtained was

215 nm, and minimal particle size growth was observed following storage.

Example 8

The purpose of this example was to prepare a nanoparticulate tacrolimus

formulation.

An aqueous dispersion of 10% (w/w) tacrolimus (Camida LL.C) and 2%
(w/w) Pluronic® F108 was milled in a 10 ml chamber of a NanoMill® 0.01
(NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478),
along with 500 micron PolyMill® attrition media (Dow Chemical) (89% media
load). The mixture was milled at a speed of 2500 rpms for 60 minutes. A light
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waelz@biobdoexl wat er

Followng mlling, the particle size of the mlled
tacrolinus particles was neasured, in deionized

anal yzer. The initial nmean mlled tacrolinus particle
size was 208 nm w th abD50 of 191 nm and a D90 of 298
nm In a second neasurenent in distilled water
following 1 week of refrigeration at <15C, the mean
tacrolinus particle size was 406 nm with a D50 of 348
nmand a D90 of 658 nm A Iight m crograph using phase
apictagsapdt using@Phasé opties atril 0028 df theanidled tacsolfrold iowhewvgn ane
\ﬁek ﬁf storage under refrigeration is shown in Figure
gu¢}d: resul ts denonstrate that this formulation is
probably not preferred, as the tacrolinus particle
size g dII_é%ingiﬁﬁ'l%hQQh@E&ﬁEl_e‘%% MeRKkmAledShGbBHBs Whrdikles Svas
is: 1.

cl ai med nanoparticul ate tacrolinus

fraeasutedt ingleiondeadrdissilled-water) usieg & Foride La¥ 91 partitle wize

A0 T bk RS BER b L Fal? Ll 8"

WMot 2126m add a DO FBIP A, tTn@AbeOdndChddstiehentiitdistilled Weter
tacrolinmus is selected fromthe group consisting of a

dpllewing i weelppfaskigemtionnb Cphuthegneasidacrglimus particle size was

. ' . C oUS.. .
R Sy DD BOG R L1500 S P B AT B EErog P using
gihasaotics whe0EX of theenitied extolivensdylowing oparidek lo€ stotaze

of the_nanoparticulate tacraglinus particles is
%d%ﬁegégeﬁtg}ﬂlﬁﬁ]éo‘@?%%g%ﬂér sting of |ess than about
1900 nm | ess than about 1800 nm |ess than about 1700

nm | eptf ehaf RERMLAE8R speaesiftaﬁﬁreﬁﬂaﬁoﬁspyaaﬂiéoo nm

| ess th_an about 1400 nm less an aboqt 1_300 nm | ess
traapparbeulate 1aoolimny farmgkitiphzas thdhoeaen particlesine dbéadredt Wiamn

o8 A AL DB PR

nm | ess than about 600 nm | ess than about 550 nm
Ieganpledn about 500 nm | ess than about 450 nm | ess

t han about 400 nm |ess than about 350 nm |ess than
about 300 nm |ess than about 250 nm |ess  than about
200 nm D8 REBOSEIpA Hhis B¥ATRDIY BGS Hprepas $ naRapAtigdele tactpimus

Wimulation.

An aqueous dispersion of 10% (w/w) tacrolimus (Camida LLC) and 2%
(W/w) Tween® 80 was milled in a 10ml chamber of a NanoMill® (.01
(NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478),
along with 500 micron PolyMill® attrition media (Dow Chemical) (89% media
load). The mixture was milled at a speed of 2500 rpms for 60 minutes. A light
micrograph using phase optics at 100X of the milled tacrolimus is shown in

Figure 16.

Following milling, the particle size of the milled tacrolimus particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size

analyzer. The initial mean milled tacrolimus particle size was 208 nm, with a
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| ess than about 75 nm and |ess than about 50 nm 4.
The conposition of any one of clains 1 to 3, wherein
W0 b@soeropdsi tion is forrmul ated: (a) for adm ni BCT/EB20051045540
sel ected fromthe group consisting of oral, pulnonary,
rectal, opthalmc, colonic, parenteral
intracisternal, intravaginal, intraperitoneal, |ocal
buccal , nasal, and topical adm nistration; (b) into a
dosage form sel ected fromthe group consisting of
l'iquid.dispersions, solid dispersions, liquid-filled
@JﬂO)Sdﬂ 191 ngehirl a BO00S29SnmoO ihﬂhlm:rmﬂ measmament in distilled water
yophi li zed faormul ati,ons,

t L es

qumsérwqe&ﬂfa% igptafipR alc %Jég J e er&m %f&%%%’@&le §ize was

[ I
s S POAOES4s RATARSISIANARIAL, Adnh RiGABRY Bsing
iphbse aptidostalPOXt (nfrthe Hnll@bwa@hmue folidveing ooeipeclo ﬂﬁﬁstgltagﬁ g
of .confrolled.r ease katlons fast nelt
PBASHIELIECRIION 1 CQVEE ni e fornul ations, extended
rel ease fornul ations, pulsatile release formulations,
and mmdeguumaeinahﬁrat@ihmes fantulanod Isqirblesbly adtameferred, as
formul ati ons; y conmbi nation of (a), (b), and
(kg taci]inTpig eoaﬁmhmw @lrrma bladyatisnang el %(4“ s’f%rage to 4
formul ated for injectable adm nistration, wherein the
tacrolinmus has an effective average particle si ze of
| ess than about 600 nm 6. The conposition of claimb5,
conprising as a surface stabilizer a povidone pol ynmer
havi ng a nol ecul ar wei ght of about 40,000 daltons or
| ess. 7. The conposition of any one of clainms 1 to 4,
which is an entericcoated fornul ati on of
nanoparticul ate tacrolinus. 8 The nanoparticul ate
enteric-coated fornulation of claim7, wherein the
formul ati on reduces or elimnates the nausea and
vom ting associated with oral adm nistration of
non- nanoparticul ate or solubilized tacrolinus. 9. The
conposition of any one of clains 1 to 8, wherein the
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conposition further conprises one or nore
phar maceutically acceptable excipients, carriers, or a

clainms 1 to 9, wherein tacrolinus is present in an
amount selected fromthe group consisting of from
about 99.5%to about 0.001% from about 95%to about
0.1% and from about 90%to about 0.5% by weight,
based on the total conbi ned wei ght of tacrolinus and
at | east one surface stabilizer, not including other
eXuatds entisedlit: The conposition of any one of cl ai ms 1
to 10, wherein at |east one surface stabilizer

present in an anmount selected from.the

Consi Ski ng AfroBHGRG o s B g %gn@’g%@% by

wei ghtyy f r qm-@hauis 12 Qﬁ&h@hﬁhﬂ hn e AverdBE BitticledRA of
from g)out 10%to ab%rut 99 %ynvve?glt %ﬁggeg olﬁet e0
tletsgharcahoiot 2@00 minyandei ght of tacrolinus and at |east
one s ace stapiliz .incl udi ng ot her

exci p&éﬁ]ts at §e3s W@uf%%%%? li¥8n of any one of clains 1
to 11, conprising at |east one primary surface

st abi |3.zer HigcomipdsRdator eRem 96 GABMaT the $abrbladas is selected
stabilizer. 13, The conposition of any one of clains,

ftqsn te grapRpensisting of 8 grystadlEncsnhang. pn Agiorphous pheses gepmi-
st g%%lflﬁéegl%sg UEP | 0 n&gh&g ,p%‘ ‘?H‘gﬁpllleg él?éx‘&ftﬂc e

ZwWitterionic surface stabilizer, a non-ionic surface
st abi 13.zer , Tlenabnapositioni of ckim flanrelamal) iwheran theleffectlihe
osi tion of one of. c] ai ms to 1 wher ei n e
TNERER bl e B RtioRl Aol paiclsd o seteled 5
Qh@ BRup ORI Stk G lé’sfs tﬁeﬁ{ a\ﬂoupl/g()(ﬂirﬂ' 1848 tRAM %du@ €300 nm, less
gel atin, casein, phosphatides, dextran, glycerol, gum

atbmabput ¢T) i lesothan ebeugd60Mnm, less than abouidisg0 nm less than

RRGEL A8 JoS bR I b BT R B A

edl%hﬁl 100i vl [¥etharBsbdat (@0 18R} 18§sSthaP @ BY@ hidy legfithan about
al kyl ethers, pol gox yet hyl ene castor oil derivatives,

p&ﬂmygqsﬁya@mug Phinmaless thap ?bcgg i6§0 asy, dgss than about 600 nm,
@rgé)%ﬁgdgiyﬂoglg ??/(g i é?ehy $thafl 89&%%3‘5'00 RS Iﬁ¥a'i1] o?'gp{g a - less than

ene st ear at és, i'con
about 400 nm, less than about 350 nm, less than about 300 nm, less than about

250 nm, less than about 200 nm, less than about 150 nm, less than about 100 nm,

less than about 75 nm, and Iess than about 50 nm.

4. The composition of any one of claims 1 to 3, wherein the
composition is formulated:

(@ for administration selected from the group consisting of oral,
pulmonary, rectal, opthalmic, colonic, parenteral, intracisternal, intravaginal,
intraperitoneal, local, buccal, nasal, and topical administration;

) into a dosage form selected from the group consisting of liquid
dispersions, solid dispersions, liquid-filled capsule, gels, aerosols, ointments,

creams, 1yophilized formulations, tablets, capsules, multi-particulate filled
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di oxi de, phosphates, sodi um dodecyl sul f at e,
car boxynet hyl cel | ul ose cal ci um hydroxypr opyl

wa@edobboses, hypronel | ose, carboxymnet hyl cel | ul PEEUS2005/045540

sodi um net hyl cel | ul ose, hydroxyet hyl cel | ul ose,
hypronel | ose phthal ate, noncrystalline cellul ose,
magnesi um al um num si l i cate, triethanol am ne,

pol yvi nyl al cohol, polyvinyl pyrrolidone,
4-(1,1,3,3-tetramet hyl butyl ) -phenol polynmer with

et hyl ene oxi de and formnmal dehyde, pol oxaners;

REpsuka MBIk Somposdibs faealti &9, porilpressed tablet, and a capsule
di octyl sul fosucci nate, dial kyl esters of sodi um

dulled ggtheentericcopisdibeady e tagrolimsy | sul fate, al kyl aryl

ol yether f ' d
ey oo sl ERERES ol bl ol I SRSl R ) "
adentrolbed reNasefonyhiptioosy fast aeltfommylbtions, delayed release
b- D- gl ucopyr.anpsi de; n-decyl b-D-nmaltopyranosi de;
o, b St e e, P gk FHoese BEmu ba ded
heRtapankdidkd iy MdUCATHASE reMAgPio¥inulations; or
b- D- gl ucopyr anosi de; n-heptyl b-D-thiogl ucosi de;

n- hexy(t) b- Dgiywoobymatioo of (hg; (b), and (c).

nonanoyl - N- net hyl gl ucam de; n-noyl

b- D- gl ucopyanosi de... oct.anoyl - Il 1,.Qde;

- octyl b BB ey isRoe AAL e b R 8 4 BARAR for
tiréj@bﬂablégﬂdﬁﬁﬁ’i@ttﬁtﬁm sihgin thy sazolirtus IREGnisvodvepigd particle
PEG chol esterol , PEGchol esterol derivative,

pize-afilesathan shoupE) WPt ani n E, random copol yners of

vi nyl acetate and vinyl pyrrolidone, a cationic

polyngs, a ’Flgiédﬁgﬂo%itgh%?giaﬁﬁ%r orfipG@hé AU Surface stabilizer a

pol ysacchar cationic ceflulosic; a cationic
gloyidvat @plyaner dibiingiaaoleatal weiglti of abomtpd 008, dakionser less. ¢
phosphol i pids, cationic |ipids, polynethylnethacryl ate
trimethyl a ni um br.om de, sul foni.um.conpounds. :
pol yui iyl py EROTTRSELCE e DRy P Gk R HHBCTEPTsTiE
AR I mEHi§ b Pranbparacasukidrb ity ammoni um bromi de,
phosphoni um conpounds, quarternary anmmoni um conpounds,

benzyl-di(2-ch|oroethylkethyjannoniun1bron1de,_coconut

trimethyl akhomnertgkblslc caeTiccsatsAdermylption pyglaim 7,
Ao, P({]xﬁlgﬁga?@n rEREANY elfﬂ'ﬁh%‘tﬁ% }h@é{%ﬁ%%x %ﬁﬂﬁg associated

anmmonl um ¢ e, coconut ne roxye

aRie bial dmirdstatien off @cy-haidpagichisdte ensvbutiilivadahdrolinde,

decyl dimethyl hydroxyethyl ammoni um chloride, decyl

di et hg-l hy,flﬁeo c):( rr?}t)ohs%/t&on of any one of claims 1 to 8, wherein the
composition further comprises one or more pharmaceutically acceptable

excipients, carriers, or a combination thereof.

10.  The composition of any one of claims 1 to 9, wherein tacrolimus is
present in an amount selected from the group consisting of from about 99.5% to
about 0.001%, from about 95% to about 0.1%, and from about 90% to about
0.5%, by weight, based on the total combined weight of tacrolimus and at least

one surface stabilizer, not including other excipients.
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amoni um chl ori de brom de, Cl12-~di nethyl hydroxyet hyl
anmmoni um chl ori de, C12-15di net hyl hydroxyet hyl

W@roo6/066063 chl ori de brom de, coconut dinmethyl PCT/US2005/045540

hydr oxyet hyl amoni um chl ori de, coconut di net hyl

hydr oxyet hyl anmoni um brom de, nyristyl trinethyl

anmmoni um et hyl sul phate, |auryl dinmethyl benzyl
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trimethyl' ammonium bromide, polyoxyethylene stearates, colloidal silicon

ary

dioxide, phosphates, sodium dodecylsulfate, carboxymethylcellulose calcium,
hydroxypropyl celluloses, hypromellose, carboxymethylcellulose sodium,
methylcellulose, hydroxyethylcellulose, hypromellose phthalate, noncrystalline
cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol,
polyvinylpyrrolidone, 4-(1,1,3,3-tetramethylbutyl)-phenol polymer with ethylene
oxide and formaldehyde, poloxamers; poloxamines, a charged phospholipid,
dioctylsulfosuccinate, dialkylesters of sodium sulfosuccinic acid, sodium lauryl
sulfate,.alkyl aryl polyether sulfonates, mixtures of sucrose stearate and sucrose
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dimethyl hydroxyethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium chloride bromide, Ci,.jsdimethyl hydroxyethyl ammonium chloride,
Ci2-15dimethyl hydroxyethyl ammonium chloride bromide, coconut dimethyl
hydroxyethyl ammonium chloride, coconut dimethyl hydroxyethyl ammonium
bromide, myristyl trimethyl ammonium methyl sulphate, lauryl dimethyl benzyl
ammonium chloride, lauryl dimethyl benzyl ammonium bromide, lauryl dimethyl
(ethenoxy)s ammonium chloride, lauryl dimethyl (ethenoxy)s ammonium
bromide, N-alkyl (C12-15)dimethylbenzyl ammonium chloride, N-alkyl (C14-
18)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium
chloride monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (Cj3-14)

dimethyl 1-napthylmethyl ammonium chloride, trimethylammonium halide,
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about 400 nm I|ess than about 350 nm |ess than about
300 nm |l ess than about 250 nm |ess than about 200

| ess than about 1POT/HR2005/045540
| ess than about 75 nm and | ess than about 50 nm 18.
The conposition of claim 17, wherein the biorel evant
nmedia is selected fromthe group consisting of water,
aqueous el ectrol yte sol utions, aqueous solutions of a
salt, aqueous solutions of an acid, aqueous sol utions
of a base, and conbinations thereof. 19. The
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guar.

15.  The composition of any one of claims 1 to 14, additionally

comprising one or more non-tacrolimus active agents.

16.  The composition of any one of claims 1 to 15, wherein upon
administration to a mammal the tacrolimus particles redisperse such that the
particles have an effective average particle size selected from the group

consisting of less than about 2 microns, less than about 1900 nm, less than about

* 1800 nm, less than about 1700 nm, less than about 1600 nm, less than about 1500
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18.  The composition of claim 17, wherein the biorelevant media is
selected from the group consisting of water, aqueous electrolyte solutions,
aqueous solutions of a salt, aqueous solutions of an acid, aqueous solutions of a

base, and combinations thereof.

19.  The composition of any one of claims 1 to 18, wherein the Ty of
the tacrolimus, when assayed in the plasma of a mammalian subject following
administration, is less than the Ty« for a non-nanoparticulate tacrolimus

formulation, administered at the same dosage.
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27. The conposition of claim 26, wherein the
difference in absorption of the tacrolinus conposition

the fasted state, is selected fromthe group
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Oﬂ‘astiragcmbjdcfﬁus. 33. A net hod of making a tacrolinus
conmposi tion conprising contacting particles of

tacrol i nus th at | east, one sufface Zer or a
time atid undes CERRIHIPAHENE GpF PEFIRIRS f@a?ﬁp 8‘@’1‘3%“ & Canax Of

LRE t RIS, GRER Sl d PR tHY¥laBEa BPa mammalian subject following
administration, is greater than the Cp,y for a non-nanoparticulate tacrolimus

formulation, administered at the same dosage.

23. The composition of claim 22, wherein the Cpay is selected from
the group consisting of at least about 50%, at least about 100%, at least about
200%, at least about 300%, at least about 400%, at least about 500%, at least
about 600%, at least about 700%, at least about 800%, at least about 900%, at
least abbut 1000%, at least about 1100%, at least about 1200%, at least about
1300%, at least about 1400%, at least about 1500%, at least about 1600%, at least
about 1700%, at least about 1800%, or at least about 1900% greater than the Cpax
exhibited by a non-nanoparticulate formulation of tacrolimus, administered at the

same dosage.

24.  The composition of any one of claims 1 to 23, wherein the AUC

of the tacrolimus, when assayed in the plasma of a mammalian subject following
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W@ wbAaetoshg conpri ses grindi ng,

effective average particle size of |ess than about
2000 nm 34. The nethod of claim 33, wherein the
wet grindi ng, PCT/US2005/045540
honogeni zi ng, or precipitation. 35 The nethod of
claim 33 or claim34, wherein the effective average
particle size of the tacrolinus particles is selected
fromthe group consisting of |ess than about 1900 nm

| ess than about 1800 nm |ess than about 1700 nm | ess
t han about 1600 nm | ess than about 1500 nm |ess than
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about 275%, at least about 300%, at least about 350%, at least about 400%, at
least about 450%, at least about 500%, at least about 550%, at least about 600%,
at least about 750%, at least about 700%, at least about 750%, at least about
800%, at least about 850%, at least about 900%, at least about 950%, at least
about 1000%, at least about 1050%, at least about 1100%, at least about 1150%,
or at least about 1200% greater than the AUC exhibited by the non-

nanoparticulate formulation of tacrolimus, administered at the same dosage.

26.  The composition of any one of claims 1 to 25 which does not
produce significantly different absorption levels when administered under fed as

compared to fasting conditions.

27.  The composition of claim 26, wherein the difference in absorption
of the tacrolimus composition of the invention, when administered in the fed
versus the fasted state, is selected from the group consisting of less than about
100%, less than about 90%, less than about 80%, less than about 70%, less than
about 60%, less than about 50%, less than about 40%, less than about 30%, less
than about 25%, less than about 20%, less than about 15%, less than about 10%,

less than about 5%, and less than about 3%.

28.  The composition of any one of claims 1 to 27, wherein
administration of the composition to a human in a fasted state is bioequivalent to

administration of the composition to a subject in a fed state.
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29.  The composition of claim 28, wherein “bioequivalency” is
established by:
(a) a 90% Cdnﬁdence Interval of between 0.80 and 1.25 for both Cyax
and AUC; or
(b) - a90% Confidence Interval of between 0.80 and 1.25 for AUC and
a 90% Confidence Interval of between 0.70 to 1.43 for Cpax.

30.  Use of a composition according to any one of claims 1 to 29 for

the manufacture of a medicament.

31.  The use of claim 30 for manufacturing a medicament useful in the

prophylactic treatment of organ rejection.

32.  The vse of claim 31, wherein the tacrolimus composition is enteric
coated, and is formulated to provide controlled release of tacrolimus iz vivo such
that only a single dosage per day is required to maintain therapeutic blood

concentrations of tacrolimus.

33. A method of making a tacrolimus composition comprising
contacting particles of tacrolimus with at least one surface stabilizer for a time
and under conditions sufficient to provide a tacrolimus composition having an

effective average particle size of less than about 2000 nm.

34.  The method of claim 33, wherein the contacting comprises -

grinding, wet grinding, homogenizing, or precipitation.

35.  The method of claim 33 or claim 34, wherein the effective average
particle size of the tacrolimus particles is selected from the group consisting of
less than about 1900 nm, less than about 1800 nm, less than about 1700 nm, less
than about 1600 nm, less than about 1500 nm, less than about 1000 nm, less than
about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than

about 1100 nm, less than about 900 nm, less than about 800 nm, less than about
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700 nm, less than about 650 nm, less than about 600 nm, less than about 550 nm,
less than about 500 nm, less than about 450 nm, less than about 400 nm, less than
about 350 nm, less than about 300 nm, less than about 250 nm, less than about
200 nm, less than about 150 nm, less than about 100 nm, less than about 75 nm,

and less than about 50 nm.

76



